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RACEMIZATION OF THE PROTEINS OF VIBRIO GHOLERM 
AND RELATED ORGANISMS. 

Part I. 

THE DIAMINO ACIDS 


BY 


B N MITRA, M sc. 

{Ghohra Inquiry, Indian Reseaich Fund Association, All-India Institute of 
Hygiene and Public Health, Calcutta ) 

[Received ior publication, August 16, 1936 ] 


Kossel (1912) and subsequently Dakin (1912) observed that proteins on 
treatment with alkali sufier a progressive loss in their optical activity 

The ammo acids obtained from proteins by acid hydrolysis are all, with the 
exception of glycine, optically active, but those derived from proteins which have 
previously been treated with dilute alkali for a time and then hydrolysed with 
acids are for the most part inactive This change is called racemization, an 
unsuitable teim, since the loss of optical activity probably does not result frpm a 
mixture of dextro- and Imvo-rotatory forms, but from a conversion into an 
inactive form Dakin and Dudley (1912, 1913) explained the reaction by assuming 
that under the influence of dilute alkah an intra-molecular change in the protein 
molecule took place similar to keto-enol tautomensm in the peptide groups 
i. — CH CO — The amino acids occupying the terminal positions of the peptide 
Vhains are not easily affected by dilute alkali, and therefore, on hydrolysis should 
appear in the normal, active forta The racemization on the other hand occurs in 
those acids which are completely bmlt into the molecular structure of the protein 
This has also been demonstrated by Levene, Steiger and Marker (1931), and Levene 
^and Steiger (1932), working with polypeptides While possibly some hydrolysis of 
Uthe protein also takes place along with the racemization, Levene and Pfaltz (1925) 
Leheved that under the influence of weak alkah racemization probably precedes 
^drolysis 

^ J, MR ( 673 ) 


1 
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Raceimzahon of the Proteins of Vibiio cholerfe 


Investigations of proteins by the inetliod of racemization have been veiy 
useful in detecting the structural differences of proteins which are apparently veiy 
similar in nature Briefly, the method consists in treating the proteins with dilute 
alkali at 37°G for several days when the optical activity gradually falls to a 
constant value The pioteins are then said to have been racemized They are 
subsequently hydrolysed with an acid and the optical activity of the individual 
ammo acids which are liberated are compared If in two related proteins the 
same amino acids are racemized it is inferred that thev liavo the same 
relative positions 

Thus by making a comparative study of the optical pioperties of amino acids 
released after hydrolysing the racemized caseinogens of the cow and the sheep, 
Dudley and Woodman (1915) could show that they were structurally different 
Similarly Dakin and Dale (1919) were also able to detect the differences in the 
chemical structure between the egg-albumins of the hen and of the duck 

Woodman (1921) by a simplified process of racemization could establish the 
chemical identity of globulins of cow and ox sera and of colostrum, also that of 
milk-albumin and colostrum-albumin, and the non-identity of lactalbiimin and 
serum-albumin Woodman’s method was a simplification in that it did not 
necessitate the actual isolation of ammo acids from racemized proteins and the 
studies of their optical properties, but only required the plotting of the curve of 
specific rotation of the proteins against time under the influence of dilute alkali at 
37°C According to Woodman, all the proteins to be pronounced structurally 
the same must exhibit the same sort of curve 

Elementary analyses failed to show any differences m the constitution of 
proteins of vibrios (Linton, Shrivastava and Mitra, 1934) , nor did the distribution 
of nitrogen by the method of van Slyke (Linton, Mitra and Shrivastava, 1934a) 
The ammo acids of which the proteins are built up appeared from these studies to 
be quantitatively the same The simplified method of racemization as developed 
by Woodman did show, howevei, that there are m the vibrio group at least two 
types of proteins which are structurally diffeient, and w^e have designated them as 
protein I and protein II (Linton, Mitra and Shrivastava, 19346) The vibrio proteins 
on treatment with alkali follow either of the two smooth curves of racemization 
Protein I, which is mostly derived from pathogenic vibiios, has an initial specific 
rotation of about — 80° and gradually diops down to — 19° m about 240 hours’ 
incubation m N/2 alkabne solution, whereas protein II, which is mostly derived 
from non-pathogenic vibrios and from water vibrios, has an initial specific rotation 
of about — 74° and a final specific rotation of — 14° after about 240 liours’ incuba- 
tion in N/2 alkaline solution This finding has been of significance m that it has 
led to a classification of cholera vibrios on the basis of the chemical structure (Linton, 
Shrivastava and Mitra, 1935), and since it may have a bearing on the serological 
relations of the vibrios and perhaps on their toxicity 

It was of interest to find out what differences existed m the structures of 
piotein I and protein II, and with this end m view the optical properties of the/ 
ammo acids released after acid hydrolysis of the lacemized material have been; 
studied I will confine myself in this part with the results on hexone bases ansf 
deal with those on other ammo acids m the next part / 
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Method of peeparation of vibrio proteins. 

The vibrios were sown on an agar medium of pH 7 8 The agar medium 
contained 5 per cent agar and papain-digest broth contaimng 1 per cent oxidizable 
matter The heavy growth obtained after 48 hours’ incubation at 3 ' C was 
washed off in 0 5 per cent phenol, centrifuged and washed repeatedly with distilled 
watei in the Sharpies Supercentrifuge till it was free from any agar which might 
have been earned ovei along with the bacterial mass The washed product was 
then dried in an air-oven at 50°0 The usual yield of the protein from 100 bottles 
was about 15 grammes 


Experimental 

Sixty grammes each of vibrio proteins I and II were separately treated with 
600 c c of N/2 NaOH and kept in the incubator at 37'T' and tested at intervals 
foi 12 days, when the optical rotation had dropped down to a constant value in 
each case The solution was then centrifuged and the clear fluid neutralized 
with sulphuric acid and then treated with glacial acetic acid till the racemized 
protein separated out The protein was centrifuged ofi, washed free from acid 
and dried 

Weight of racemized piotein 1=14 2 g (23 67 per cent), and weight of race- 
mized piotein 11=16 3 g (25 60 per cent) 

Each sample of lacemized protein was treated with 100 c c of 30 per cent 
H2SO4, and hydrolysed on a sand-bath for about six hours till the biuret test on a 
few drops of the hydrolysate was negative The sulphuric acid was then quanti- 
tatively removed with barium hydroxide and the solution was decolorized with 
animal charcoal and filtered The filtrate and washings were concentrated m 
vacuo at 60°C' to less than half the original volume 

The method for the separation of the diamino acids was essentially that of 
Kossel and Kutcher (1899) as describdd by Plimmer (1917) It consisted in the 
precipitation of arginine arid histidine as their silver salts and their separation by 
difference in solubility in water and in strong alkaline solution, and the precipita- 
tion of lysine from the filtrate by means pf phosphotungstic acid after the silver 
compounds had been removed These in turn were isolated as argipme nitrate 
CGH14N4O2 HNO3 4H2O, histidine hydrochloride CGHgN402 2HC1 and lysine 
plerUte CGH14N2O2 CgII 2(H02 )‘j 0H The free bases of arginine and histidine 
were then prepared from the purified compounds by treating with the requisite 
amount of alkali and then concentrating the solution in vacuo until crystals 
began to appear After standing for a day or two the crystals were centrifuged 
off washed with cold alcohol and dried in vacuo over soda-lime. Eree lysine 
was prepared from its chloride obtained by decomposing the picrate Lysine 
chloride was then treated with an excess of Ag20 in a sliglitly acid solution, 
the silver in its turn being removed by H2S, and the acid exactly by Ba(OH)2" 
Crystals of lysine began to appear on concentration in vacuo and thereafter 
were purified with as little exposure to the air as possible by washing with 
^ <^r^ed rn vacuo over soda-lime (Vickery and Lea^ enworth 
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Results 

The dianiino acids were prepared from both racemized protein I and protem 11, 
and their properties are illustrated in the following tables — 


Table I 


Anuno Acids 

Protein 

uumbei 

Per cent 
yield 

Melting 
point “C 

Known m p 
(Vickery and 
Leavenworth, 
1928) 

Per cent 
K 

Per cent 
N 

theoretical 

j 

r 

1 


230-35 

238 (decomp) 

32 00 


Arginine (anhydrous) J 

I 






f 32 18 

1 

i 

TI 


228-34 


31 98 

) 


r 

I 


268-70 

277 

27 28 

\ 

Histidine 

i 






27 10 


i 

n 


268-72 


26 02 

1 

( 



210-20 

224 (decomp) 

18 96 

\ 

Lysme J ' 






1 10 17 

i 



212-20 


19 00 

( 


The diammo acids were obtained from the two typts of proteins m almost 
equal quantities and their respective nitrogen content and melting point showed 
that they we're quite pute 

Table II 


Spectfic rotations of the amino acids m aqueous solution Tempeiatine 30°C 


Ammo Acids 

Protein I 

Protein II 

Knoii n 

Arginme 

i 

4- 6 4° (2 02 per cent) 

0 0 (1 80 per cent) 

+ 12 6° (Vickery and 
Leavenworth, 1927) 

Histidine 

0 0 (1 02 per cent) 

0 0 (0 90 per cent) 

— 7 59° (Kossel and 
Kiitcher, 1899) 

Lysine 

+ 13 3° (1 81 per cent) 

P 13 5“ (1 85 per cent) 

+ 14 6° (Vickery and 
Leavenworth, 1928) 


Histidine is optically inactive in both the racemized proteins, vhile lysine 
preserves its optical activity in both the cases Arginine on the other hand is 
partially active in protein I and totally inactive in protein II 

These diamino acids were also prepared from unracermzed protein I for the 
sake of companson, that is to say, the protein without first being treated with 
alkah was hydrolysed with the requisite amount of strong sulphuric acid and the 
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subsequent process for the isolation and purification of these acids were in every 
way the same The following were the results obtained from 40 g of unracemized 
protein I — 

Argimne — ^yield=l 60 g (4 0 per cent) , m p = 228°C to 232°C , N = 32 10 

per cent , [ « ] n = -f 12 0° (4 per cent aq ) 

Histidme— Yield=0 60 g (15 per cent) , m p =268®C to 272°C , N = 26 99 
per cent , [ « ] n = — 7 6° (2 per cent aq ) 

Lysine— Yields 1 10 g (2 75 per cent) , m p = 215°C to 220°C , N = 19 0 

per cent , [ « ] d = + 14 0“ (4 per cent aq ) 

It IS evident from these findings that the method used gives results entirely 
concordant with those of other workers for unaltered amino acids 


Discussion 

From the above results it is clear that m both the types of proteins histidine 
and lysine behave in the same way On treatment of the proteins with dilute 
alkah for a long period, histidine is totally raceimzed in both the cases, whereas 
lysine remains unaffected This shows that in both cases lysine occupies a terminal 
position in the chain, wlule histidine occurs within the structure of the molecule 
Argimne, however, is found to behave quite differently In protein I it is partially 
raceimzed, and in protein II it is fully racemized It follows, therefore, that the 
position of argimne with respect to other amino acids in the protein molecule differs 
in protem I and protein II since it is acted upon differently by the alkah I may 
conclude that structural differences do exist between protein I and protein II with 
respect to the configuration of argimne in the two molecules 


SUMMABY 

1 The diamino acids have been isolated from racemized protein I and race- 
mized protein II of cholera vibrios, and their optical properties studied. 

2 A difference in the configuration of argimne within the molecule of the two 
types of proteins of cholera vibrios has been demonstrated 

3 The relative positions of both histidine and lysine in the two protein mole- 
cules are the same 
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RACEMIZATION OF THE PROTEINS OF V IBB 10 CHOLEB.M 
ANT) RELATED ORGANISMS 


Part II. 

THE MONOAMINO ACIDS 


BY 

B N MITRA, M sc 

{Oholera Inquiry, Indian Reseat ch Fund Association, AU~India Institute of 
Hygiene and Public Health, Calcutta ) 

[Received for publication, August 16, 1936 ] 

The first part of this paper (Mitia, 1936) dealt with the isolation, of tlie 
individual hexone bases from the raoemized protein I and protein II of cholera 
vibrios and it was shown from a study of the optical behaviour that the position 
of arginine in the molecule of the two types of proteins difiers In this part will 
be presented the results of the investigations on other ammo acids obtained from 
the racemized proteins of the two types 


Racemization 

Four hundred grammes each of protein I and protein II, prepared in the same 
way as described in the previous part were finely powdered taken up separately 
in 4 litres of N/2 sodihin hydroxide solution and allowed to stand in the incubator 
for 12 days, when the optical rotation of the Solution was found to have fallen to a 
constant valjac They were then taken out and centrifuged in the Sharpies 
Supercentrifuge and the dark-brown liquid portion containing the racemirb’d 
protein was rendered neutral with sulphuric acid, and glacial acetic acid added 
to maximum precipitation The precipitate was centrifuged ofi, washed with 
water, rendered neutral to litmus with caustic soda, dried in the air-oven at 50°C 
and weighed 

The weight of recovered protein I was' 104 g , and that of protein II 98 g , that 
IS to say, nearly 25 per Cent of the whole protein was recmered in a racemized 
condition 


( 679 ) 
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Experimental 

Hydiolysis — Tli'e two raxiemized proteins were hydiol} sed by boiling with 
600 0 c of 30 per cent sulpMuric acid on a sand-bath for 6 hours when the biuret 
test on a few drops of the hydrolysate was negative 

Treatment of the hydrolysate — The hydrolysate was theM further diluted with 
water, warmed, ahd the sulphuric acid quantitatively remoied with barium 
hydroxide The hydrolysate which was still faintly acid to htmus was decolorized 
with charcoal and filtered by suction The barium sulphate precipitate was 
repeatedly washed with hot water till a test drop no longer gave any Millon’s test 
for tyrosine and the washings added to the filtrate The filtrate containing the 
amino acids was then concentrated at 60°C %n vacuo until the tyrosine began to 
separate out It was then allowed to stand overmght in the ice-box The 
precipitate contaimng mostly tyrosine and also some leucine was then filtered ofi 
and the mothei liquor further concentrated till no more tyrosine appeared and 
the mother liquor did not respond to MiUon’s test The examination of this 
precipitate, the weight of which after washing with alcohol and ether and drying 
at 105°C was 7 8 g , will be dealt wuth later 

Extraction of ammo acids with butyl alcohol — Dakin (1918, 1919, 1920) found 
that by long-continued extraction of a protein hydrolysate with isobutyl alcohol 
under reduced pressure, he was able greatly to increase the summation of anuno 
acids, and the ammo acids so obtained were easily separable and could be 
crystallized in the free state This process is umque in that it causes no racemiza- 
tion Briefly, the butyl alcohol method separates the constituents of the 
hydrolysed product into the following main groups — 

1 Sohd monoamino acids, both ahphatic and aromatic, insoluble in 

alcohol but extracted by butyl alcohol 

2 Proline, soluble in butyl alcohol and extracted by it (Some diketo- 

piperazines may also be present the formation of which is greatly 
mimmized by carrying out the extraction under reduced piessure ) 

3 The dicarboxyhc acids as also the diamino acids, not extracted by butyl 

alcohol, the latter being subsequently removed by phosphotungstic 
acid in sulphuric acid (5 per cent) solution This fraction may also 
contain some glycine and possibly hydroxyprohne 

The ammo acids derived from racemized protein I arid protein II were extracted 
by butyl alcohol according to Dakin’s method The very thick mother hquor, 
left over after the separation of tyrositte together with some leucine, was placed 
in a contmuoua hquid extractor with 500 C'C isobutyl alcohol at 60°C to 65°C 
under a rediiced pressure (about 12 mm ) maintained by an efficient water pump 
The extraction was dontinu'ed for 48 horfrs day and night Soon after extraction 
began, a granular precipitate began to appear ’on the sides of the extraction vessel, 
and after 24 hours’ extraction, the precipitate in the extractioh flask was removed 
and the extraction continued with the same a'mount of fresh butyl algohol A ver}^ 
small quantity of precipitate was obtained during the next 24 hours and the 
extraction Was then discontinued 

The butyl alcohol was removed from the precipitate by filtration after standing 
in the ice-box for some time, and was concentrated m vacuo to a verj’^ dmaU voltme, 
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allowed to stand m tlie ice-box and tbe further precipitate wliicb appeared was 
recovered by filtration THe precipitates were added together, washed w ith alcoliol 
and ether, 4d dried at 106"C The weight was 28 4 grammes, its nitrogen content 
12 25 per cent, and specific rotation of 4 per cent aqueous solution at 30 0 ^as 
—12 5° This portion contained mostly leucine, phenylalanine, alanine, valine 
and hydroxyprolme The figures given here together with those that follow w ere 
derived from racemized protein 1 

Examination of solid ammo acids — Leucine — The solid amino acids' were 
then taken up in water and the solution was highly concentrated m vacuo and left 
in the ice-box for 2 days Leucine and phenylalanirie being sparingly soluble n ere 
the first to crystallize out and by repeating the process they "were almost quantita- 
tively removed from the other acids by filtration The precipitate of leucine 
and phenylalanine was then washed with ice-cold alcohol (95 per cent), and 
recrystalhzed from water and dried The weight of the precipitate 
110 grammes and the nitrogen content of the mixture— 10 6 per cent 

Leucine has 10 69 per cent N 

Phenylalanine has 8 49 per cent N , 

Hence percentage of leucine in the mixture- 


was 


difference — 2 2 


10 60 — 8 49 


22 ' 


X 100 = 95 9 


per cent 

The amount of pheuylalamne in the mixture was very small, if indeed it was 
actually present 

Leucine was purified by repeated crystalhzation from water The quantity 
recovered was 9 95 g , m p = 290''C to 293°C , N = 10 56 per cent , 
[ a =: 0 0 (2 per cent aq ) 

A further crop of leucine was also obtained from the mixture of tyrosine which 
was collected after the coacentration of the protein hydrolysate prior to the 
extraction of ammo acids with butyl alcohol and will be described later 

Glycine — The mother liquor after the separation of leucine and phenylalanine 
was estenfied by Fischer’s esterification process (Fischer, 1901), concentrated at 
40°C under pressure, and left overnight m the ice-box The glycine ester hydro- 
chloride separated out because of its insolubility and was filtered'off The filtrate 
was again saturated with hydrochloric acid, and concentrated, and a further crop 
of glycine ester hydrochloride was obtained The glycine ester wae hberated fiom 
its hydrochloride by the barium hydroxide method of Levene and van Slyke (1909), 
decolorized, and distilled below 60°C at 10 mm to 12 mm pressure and finally 
hydrolysed by boding with water The glycine was purified by crystalhzins from 
water 


Weights 3 8 g , mp = 218°C to 220°C , N = 18 50 per cent 

A third crop of glycine was lecovered from the aqueous layer left over after 
the extraction with butyl alcohol 


It should be noted here that the esters were always libeiated from their 
hydrochlorides by barinmhj^rate in a solution which had been concentrated 
vacuo at 40 C as proposed by Levene and van Slyke {loc cit ) This method for 
liberation of ester was the only one employed Barium hydrate has the advantage 
over a stronger alkali that it causes no saponification and^ can be easily removed® 
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i^LANiiSTE — The niothei liquoi after the separation of gjycine ester hjalro- 
chloride was treated with baiyta to fiee the ester from hydrogen chloride and 
fractionally distilled at a pressure of about 10 mm to 12 mm Alanine distilled 
below 60°0 and was hydrolysed and carefully purified by crystallizing from water 
since it might carry with it tiaces of glycine and also leucine as impurities 

Weight = 0 65 g , m p = 2n°Q to 296°C , N = 15 56 pei cent 
[ “ ]d =00 (4 per cent aq ) 

Valine — The fiaction boiling between bO°C and 90°C was collected and 
hydrolysed The probable impurities m this fraction were traces of leucine, 
isoleucine and alanine In order to remove these, the valine solution was rendered 
alkaline with ammonia, a few drops of dilute lead acetate solution added and the 
precipitate of lead salt of any leucine and isoleucine that might be present was 
filtered ofi (Levene and van Slyke, loc cti ), but neither could be detected The 
filtrate was freed from lead by means of sulphuretted hydrogen and the solution 
after filtration evaporated to dryness Valine was further purified by treating the 
residue first with alcohol-ether mixture (3 1) and then recrystallizmg it from 

water 

Weight =32 g , mp = 318%' to 320°C , N = 11 62 per cent, 
I" a = 0 0 (4 per cent aq ) 

The figure for the percentage of nitrogen of vabne thus obtained was 
siffficient to show that the material was fairly pure, and did not therefore require 
any further fractionation 

Hydboxypboline — The residual ester left after distillation of other esters to 
about 90°C was extracted by ethei, the ether removed by distillation, and the 
remaining material was then hydrolysed with water, and concentrated under 
pressure The hydroxyprolme which separated out was purified by crystalliza- 
tion from 90 per cent methyl alcohol 

Weight = 0 92 g , m p = 260°C to 262°C , N = 10 48 per cent j 
J a z=: — 70° (1 per cent aq ) 

A further crop of hydroxypiolme was also isolated by a similar method from 
the aqueous residue remaining from the butyl alcohol extraction 

Hydroxyprolme might be contaminated with serine, which was looked for in 
the mother liquor from the hydroxyprolme but could not be detected 

Tyrosine — As we have shown above, this ammo acid was isolated on 
concenfirating the protein hydrolysate on a water-bath to a thick semi-cr} stalline 
mass prior to the extraction of other amino acids by butyl alcohol, and vas con- 
taminated with leucine The weight of the dried material so obtained was 7 8 g 
and per cent N=8 72 Tyrosine was recovered from the mixture by treating it 
with glacial acetic acid when leucine passed mto solution (Habermann and 
Ehrenfeld, 1902) Tyrosine was further purified by rend'ermg it alkaline 
with ammonia and then treating it with glacial acetic acid so that the solution 
was still alkaline Tyrosine precipitated out and was filtered off It was finally 
washed with hct water several times (Abderhalden and Ptegl 1905) The 
mother liquor was then acidified to precipitate out cystine, if present, but no 
yield was obtained 
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Weight =s 5 14 g , mp = 310°C to 316°C , N = 7 68 per cent, 
a =00 (4 per cent m 20 per cent HCl) 

Leucine- lecovered from the mixture of tyrosine was purified by ciystalli-sing 
from water 

Weight = 14 grammes 

This weight together with the previous weight of leucine brought it to a total 
of 12 35 g so that the percentage of leucine was 10 9 

Exammaiion q/ buhjl alcohol (solution — Proline —Most of this remained in 
solution in the biftyl alcohol after the separation of solid ammo acids The 
alcoholic solution was further evaporated m vacuo to a syrupy-like consistency, 
redissolved in alcohol, allowed to Stand for two days in the ice-box when a very 
small quantity of solid substances, possibly other ammo acids, separated out and 
were filtered off The filtrate was further concentrated to a very small volume 
(25 c c ) when all the alcohol had been evaporated off, and was then taken up in 
water and further purified by treatment with saturated mercuric acetate solution 
and barium hydroxide (Dakin, 1920) Only a very small precipitation of othei 
ammo acids occurred and the proline was left behind in aqueous solution The 
solution was then freed from barium by treatment with sulphuric acid and from 
the mercuric salt by saturating with sulphuretted hydrogfen in a closed vessel 
After filtration, it was treated with charcoal, filtered again evaporated to dryness 
in vacuo, fmther purified by treating it with alcohol and then evaporating the 
alcoholic extract to dryness in vacuo 

Weight = 34 g , mp = 218%' to 220°C , N = 11 92 per cent , 
[ a = — 62 0° (4 per cent aq ) 

The proline thus obtained was a mixltute of active and racemic forms The 
l-prohne has a specific rotation of —77 4° (Dakin, 1920) Therefore, the perceiltage 

of active variety iii the mixture = X 100 = 80 4 per cent 

Similarly, the percentage of active variety of pifoline derived from racemiz'ed 
protein II was 38 77, calculated on the basis of the specific rotation which 
was —30° 

Examination of the moihei liquoi left aftei the butyl alcohol exh action — The 
mother liquor remaining after the exJferactions already described contained mostly 
the hexOne bases, dicarboxyhc acids and some glycine and hydroxyproline These 
oon'stituents were separated by the mOthod of Dakin (1920) The bases were 
lemoved by picoipitation with phosphotungstic acid in 5 per cent sulphuric acid 
solution The phosphotungstic acid precipitate was not worked with, as this had 
already been done and is reported in the previous paper The filtrate was then 
treated with an excess of barium hydroxide and filtered The filtrate now coutained 
the barium salts of dibasic acids, glycine and hydroxyproline, and was concentrated 
in vacuo to a very small volume, treated with ten volumes of alcahol, and filtered 
The precipitate was 'taken up in a small quantity of water and barium removed 
withjust the requisite quantity of sulphuric 'acid, cqnoentratM and left ht about 
— 10°C for 5 or 6 days when considerable quantities of both aspartic and glutamic 
aCids crystalliz'ed out, and were filtered off, washed and dried 
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The weight of the nuxbuTe of aspaitic and glutamic acids was 17 3 g and its 
nitrogen content 9 72 per cent 

Aspaiti'c acid has 10 53 per cent N 


Glutamic acid has 9 50 per cent hf 
Hence percentage of aspa'rtic acid in the mixture 


difference = 1 03 

9 72-9 60 


1 03 


X 100 = 21 3, 


that IS, about 3 2 g of aspalrtic acid arid 14 1 g of glutamic acid were present 
The alcoholic mother liquor of these acJds was also exactly freed from barium 
hydroxide with sulphurit acid and added to the mother liq^ior obtained after the 
sepaiat/ion of the dib'aBic acids, concentrated in vacuo, and finally estenficd On 
concentration, glyclrte ester hydrochloride precipitated out Hydroxyptoline 
was recovered from higher boiling fraction by extracting with ether as described 
before Weight of glycine recDvered=l 2 g , and weight of hydrox 3 q)Toline=l 3 g 
These weights together with those of glycme and h} droxyproltne found previously 
bring the weights of glycine and hydroxyproline to 5 0 g and 2 22 g and the per- 
centages to 4 8 per cfertt and 2 10 per cent, xespeictively 

The residual fraction left after extraction with ether was hydrqlj^sed and on 
conOentration gave a further yield of 0 22 g with a riitrogen content of 9 3 per cent 
and proved to be a mixture of asp'artic and gltitamic acids 

Glutamic acid — This a'cid wals separated from the mixture of the aspartic 
and glutamic acids as the 'hydrochloride (Hlasiwetz and Habermann, 1873) which 
was formed by saturating the concentrated solution with dry gaseous hydrogen 
chloride The glutamic acid hydrochloride separated out on standing in the ice-box 
for some days A further crop was similarly obtained by again treating the mother 
liqtior with gaseous hydrogen chloride The acid was obtained in its free state 
by decomposing the hydrochloride with ammonia, evaporating it to dryness, and 
crystallizing from water 

Weight = 13 2 g , m p = 200°C , N = 9 40 per cent , [ a 9 5 

(4 pel cent aq ) 

Aspaktic acid — After removing the glutamic acid hydrochloride the mother 
liquor ivas evaporated almost to dryness in vacuo, the residue was dissolved in 
water and boiled with just s'ufficiCnt lead, oxide to arrest all the chlorine It 
was then filtered, the lead removed from the filtrate by means of sulj(huretf;ed 
hydrogen, filtered again and concentrated in vacuo Aspartic acid crystallized 
out 


Weight = 2 0 g , m p = 246°C to 248^0 , N = 10 36 per cent , [ “ ]p = O’O 
(2 per cent aq ) 

Tkyptophane — Sulphuric ahid completely destroys tryptophane and, to 
obtain it in an unaltered condition, the proteins are generally digested with active 
pancreas extract As the isolation of tryptophane requires a large quantity of the 
protein it was not attempted 


Results 

The isolation and purification of the amino acids from racemized protein II 
were carried out exactly in the same nay as in protein I and identical ammo acids 
with closely similar percentages were obtained in both cases The findings in the 
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Table I shows that the pei-ceatage yields of the ammo acids were the same in 
both the types of proteins The melting points closel}' approximated those of 
known amino acids showing that they were obtained in a pTire state The same 
was demonstrated by their respective nitrogen contents The four ammo acids 
not found were possibly present m too small a quantity for isolation 

Tabli? II 

Specific wlahons of ammo acids domed fiom lacemi'zed pioiews of cholera 
vibnos in 4 pei cent aqueous solution Tempo atwe — 30°C 


AiTuno apifls 

Protein I 

Protein TI 

Known (Mitchell 
and Hamilton, 
1020) 

1 

Glycine 

1 


1 

i 

1 

Alanine 

' 1 

1 00 1 

i 

00 

j + 27 

Valine ' 

' 00 

00 

j +6 42 

Leucine 

i 00 

-8 5 

-10 35 

1 

Tvrosine ■ 

1 

00 

00 * 

- 

Aspartic acid 1 

t 00 

1 

0 0 

I 

+ 38 

Glutamic acid 

1 

+ 05 

00 

+ 10 3 

Proline 

-62 0 

1 

— SOfl 

—77 4 

Hvdro-^yproline 

—70 0 

—72 0 

-81 04 


* 4 ]jer cent in 21 pet cent HCI 


Glycine is as usual optically inactive The other amino acids which were 
found optically inactive in both the lacemized proteins are alanine, valine, tyrosine 
and aspartic acid, all of which, according to the theory are completely built into 
the structure of the prottin molecules In protein I leucine is inactive and so occurs 
within the molecule , but m protein II it is optically active showing that it occupies 
the terminal position of a peptide chain m the molecule Glutamic acid on the 
other hand is optically active only in protein I, so that it is at the end of the peptide 
chain in protein I molecule but within the protein II moleCule Proline is partialh 
active m protein I and less active in protein II This indicates that the proline is 
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differently distributed in the two proteins Hydioxyprohne is, however, optically 
active in both the cases and thus occupies the terminal positions of the peptide 
chains in both the proteins 


Table III 

A conipaiahve table slmvivg the optically active substances deuved fwm both the types 
of lacennzed jitoteins of cholei a vibnos and which aie as such supposed 
to be at the end chains of the molecules 


Protein I | 

Protein IT 

1 

Glntamic acid 

Leucine 

Some prolinc (80 4 per cent) 

Leas percentage of prohne 
(88 77 per cent) 

Hydrowproline 

Hydrovj prohne 


The structural differences m the molecules of the two tj'pes of vibrio proteins 
are thus considerable and probably preclude any transmutation of a vibrio with 
protein I to one with protein II 

The differences in the serological reactions of vibnos may be explained in part 
by the difference in the chemical structure that exists in the two types of proteins of 
vibrios atid in part by differences in specific polysaccharides 

Summary 

1 A comparative study of the chemical structure of the two types of vibrio 
proteins with respect to the relative positions of the ammo acids was made by the 
method of tacemization 

2 The isolation of the individual ammo acids fiom the raoemized proteins of 
cholera vibnos was greatly simplified by extracting them with isobutyl alcohol 
under reduced pressure (Dakin) and suitably supplementing the method b} 
Fischer s esterification piocess 

3 The extraction of glycine and hydroxyprokne by butyl alcohol seemed 
to be incomplete 

4 Glycine, alanine valine, leucine tyrosine, aspartic acid glutamic acid 
pioline and hydtoxyproline were all obtained in approximately the same quantities 
from racemized proteins of the two tjqies of vibrio proteins and their optical 
properties compared 

5 The differences in the configuration of glutamic acid and leucine in the 

two protel'n molecules were established These amino acids wete found to cbffei 
completely in their relative positions Proline, too, was found to be differenth 
distributed in the two molecules, since more of it was racemized by alkali m protein 
IT than m protein I r n 
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We are reporting liere the results of a study of the respiration, and the aerobic 
and anaerobic glycolysis, of a series of sixty-seven vibrios from various sources 
Most of them have also been classified from the point of view of their chemical 
structure, and their metabolism has been considered in relation to these gioupings 

Method 

The oiganisms were grown on agar at pH 7 8 for 18 hours, and taken up in 
Ringer’s solution In the respiration experiments the Ringer’s solution contained 
0 1 per cent glucose, and in the glycolysis experiments 0 1 per cent glucose and 
0 1 per cent NaHCOa The amount of oxygen consumed in the absence of glucose 
was found to be negligibly small 

The experiments were carried out in a Barcroft’s difierential manometer at 
37°C and 0 5 c c of bacterial emulsion was used in each case The weight of the 
bacteria in the emulsion was deteimin'ed by drying a sample to constant weight at 
50°C and weighing The readings were taken after the experiment had gone on 
for 40 minutes For aerobic glycolysis, the observations were made in the presence 
of air and for anaerobic glycolysis in the presence of nitrogen 

Results 

The results are presented in the tables Respiration is given in c toty) of 
oxygen consumed per mg of bacteria, and glycolysis lU c mm COg given off 
per mg of bacteria The strains are arranged in the tables according to the 
J, me ( 589 ) 2 
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chemical groups to wliicli they belong, except in the case of four strums not yet 
classified completely, seven stiains received from the Field Inquiry, and five strains 
of the ‘ medusa-head ’ colony type, which dififer from the other strains in respect 
to the vanishingly small amounts of glucose they use anaerobically 

Respiration — The respiration of the group I strains is consistently high and 
without much variation from one strain to another The figures for groups II and 
III overlap, but in general the respiration of the water vibrios is lower than that of 
the group II vibrios, which with the exception of vibiio ‘ Tank 65 (6) ’ are directl}^ 
fiom human sources Strain ‘ Tanlr 65 (6) ’ was isolated from a tank liable to 
contamination in a village where cholera was present 

In groups IV, V and VI, respiration is found to be as high as in group I, 
although with a wider range between maximum and minimum In the 
‘ medusa-head group it is, on the other hand, definitely low and only about 
one-fourth the amount found m the group I strains 

AeiobiG glycolysis — The findings in lespect to aerobic glycol 3 'sis are of consider- 
able interest The first three chemi'cal groups show a steadily decreasmg pov er to 
utilize glucose in the presence of oxygen and in group IV the ability is completely 
lacking The finding is true not ordy for the nine El Tor strains studied, but also 
for the strains of the same structure which have been found and identified chemically 
in India 

In groups V and VI the aerobic glycolysis increases and in the latter is of the 
same order as m group I In the ‘ medusa-head ’ group, this activity, as in the 
case of respiration, is at a mmimum, three of the' strains being totally inactive, 
and the other two showmg only slight utilization 

Anieiobic glycolysis — No differences in this aspect of metabolism were found 
within the six cholera groups or in the unclassified and carrier strains On the 
other hand, the ‘ medusa-head ’ organisms use much less glucose, and the figures 
for anaerobic glycolysis were only about 10 per cent of those of the other groups 

Unclassified group — These vibrios have not yet had a complete chemical 
analysis One of them (vibrio 464) has alreadj'- been found (Linton and Shtivastava, 
1933) to possess the galactose-containing carbohydrate It therefore falls either 
into group I or gtoup IV It was derived from a case of cholera, and the figures 
for its metabolism indicate a position for it in group I, as it does con^me glucose 
aerobically, which the group IV organisms do n'ot do The other three stiam^ were 
isolated from water, and the only chemical information yet obtamed about them 
IS that stram 'W26 has the ariabinose-containing carboh 3 ’-drate which is also found 
in the other water vibrios of group III The metabolism of these thre’e strains 
IS of the same order as that of the vibrios having protein II and carbohydrate II, 
their averages in respiration, and in aerobic and anaerobic glycolysis being 0 64, 

0 29 and 2 08 c mm respectively, while the corresponding figures for group III 
are 0 59, 0 28, and 2 07 c mm , thus showing a close correspondence 

Mixed carbohydrate group — This group contains the strains in which more 
than one typ)e of specific carboh 3 '^drate has been found (Linton, Shrivastava and 
Mltra, 1935) The respiration and anaerobic glycolysis of these strains is high, 
and the aerobic '^glycolysis is more variable than that of the first six groups, 
principall 3 ’^ on account of two^asrah strains, which are low in this respect With 
these exceptions the other strains are as active as the group I vibrios 
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Table I 


Metabohsm in cholera and chole'ia-lile vibrios 


Strain 

Rc'ipiration 

0 mm Oj 

Glycolysis 

Strain 

Respiration 
c mm O 2 

Glycolysis 

Aerobic 

Anaerobic 

Aerobic 

Anaerobic 

c mm CO 3 

c mm CO 3 

Geotjp I 

1 

Group II 

1612 

1 35 

0 83 

2 19 

505 

0 72 

0 56 

2 10 

79 A 

1 21 

0 09 

2 22 

E 

0 68 

0 48 

2 01 

llangoon Smooth 

1 34 

0 65 

2 13 

2027 

0 76 

0 60 

2 08 

Inaba 

1 26 

0 84 

2 21 

Tank 66 ( 6 ) 

0 69 

0 42 

2 40 

10404 

1 20 

0 60 

216 

1331 (agg ) 

0 72 

0 68 

211 

1617 

1 24 

0 72 

2 19 





Rangoon Rough (1)* 

0 83 

1 

0 47 

1 81 





Group III 

Group IV 

W880 

0 48 

0 30 

2 12 

El Tor 

1 24 

00 

1 93 

W3075 

0 68 

0 32 

2 08 

El Tor I 

1 31 

0 0 

1 90 

10405 

0 52 

019 

2 14 

El Tor II 

1 01 

00 

2 04 

168 

0 70 

0 28 


El Tor III 

1 14 

00 

2 04 

2092 

0 60 

0 29 

1 96 

El Tor IV 

1 02 

00 

2 07 

1331 (non agg ) 

0 69 

0 30 

2 00 

El Tor V 

1 25 

00 

1 94 





El Tor VI 

1 09 

00 

2 04 

• 



1 

El Tor VII 

1 33 

00 

2 04 





El Tor Vin 

1 08 

00 

1 95 


1 



79 B 

1 16 

00 

2 16 





' 9320 

1 

1 14 

00 

2 30 





676 

1 10 

00 

I 80 


* See text 
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Table I — concld 


Strain 

Respiration 
c mm 0„ 

Glyoobysis 

Strain 

Respiration 
c mm Co 

Glycolysis 

Aerobic 

Anaerobic 

Aerobic 

Anaerobic 

0 mm 

CO3 

c mm 

COj 

Gboue V 

Gboup VI 

Basrah. II 

1 16 

0 29 

1 96 

China 5 

0 80 

0 50 

2 04 

Kohat Original 

0 97 

0 43 

2 60 

China 14 

0 97 

0 83 

1 78 

Kohat Current 

1 03 

0 47 

2 30 j 

6380 (agg ) 

0 98 

0 82 

2 10 

Kohat Calcutta 

0 02 

0 41 

2 10 

1200 

1 10 

0 60 

2 05 

6180 (non agg ) 

1 30 

0 40 

2 00 

1200 

1 20 

0 90 

2 03 



i 

1 


Rangoon Rei overed 

0 97 

0 83 

1 99 


j 



10405 (agg ) 

1 20 

0 71 

2 06 

MECEU CilEnOnyDBATF grottp 

UnCLASSlFIBll OBOTJl 

Basrah I 

1 50 

0 46 

2 03 

454 

1 15 

0 65 

2 04 

Basrah III 

1 11 

0 20 

2 13 

W467 

0 48 

0 26 

2 00 

Basrah IV 

0 92 

0 20 

2 13 

W785 

0 62 

0 35 

2 11 

China 21 

1 20 

0 60 

1 96 

W25 

C 53 

0 2-7 

2 13 

China 22 

1 00 

0 70 

2 00 





China 23 

1 15 

0 70 

2 20 





1065 

1 14 

0 73 

. 





W880 (agg) 

0 06 

0 84 

1 210 

1 





10405 T 

1 00 

0 70 

2 40 





CAEBirB STBAINS 

‘Medusa HFAD strains 

300 

0 83 

0 28 

1 97 

Rangoon Rough (2) 

0 30 

00 

00 

932 

0 80 

0 60 

2 06 

El Tor I R 

0 54 

0 17 

0 27 

4951 

1 10 

0 50 

1 97 

El Tor IT R 

0 50 

00 

0 33 

1312 

1 05 

0 55 


China 22 D 

0 32 

00 

0 38 

050 

0 80 

0 42 

196 

10405 D 

0 58 

014 

0 26 

683 

1 04 

0 26 






467 . 

0 88 

0 72 

2 17 
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The came) strains — Tliese field strains liave not yet been grouped cbemically 
In metabolism they resemble the vibrios of groups II and V more closely than they 
do the others, a finding wbicb may prove of epidemiological significance 

Table II, which contains the averages of metabolic activities m the various 
groups, illustrates the statements made above — 

Table II 

Averages of results of metabolism of the six chenmal groups, and the mixed, 
ca) ) lei , and ‘ medusa-head ’ g) oups 


Group 

Respiration 
c mm 0, 

Aerobic glycolvBis 
c mm COj 

Anaerobic glycolysis 
c ram CO, 

I 

1 27 

0 72 

2 18 

n 

0 71 

0 49 

2 14 

III 

0 59 

0 28 

2 07 

IV 

116 

1 00 

201 

V 

101 

0 40 

2 21 

VI 

101 

0 73 

196 

■Mixed 

1 06 

j 0 58 

2 30 

Garner 

0 92 

0 47 

2 06 

‘ Medusa head ’ 

0 45 

* 

0 27 


* Three strains negative, tii o strains 0 lA and 0 17 c ram respectivelv 


The metabolism of original and Variant shams 

In Table III are included the results of the metabolic study of a number of 
strains which have undergone variation in the direction of greater smoothness 
or roughness compared to their parent strains and have also shown changes m 
chemical structure Also included are the China strains and a number of 
agglutmable and magghitinable strains from the same human sources in the field 
investigation All of these stiams will be considered chemically in a future 
commimication of our studies on the antigenic structure of the \ibrios, Tart X 
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The Rangoon stiains (Linton, Shrivnatava and Mitra, loc cif)— Rangoon 
bmooth has the metabolic powers associated with the group I strains The tough 
form, Rangoon Rough (1), which has the same chemical structure except that 
it possesses a smaller amount of specific carbohydrate, is definitely lower in its 
respiration and glycolytic power in air The third member of the group, Rangoon 
Rough (2), which is the first medusa-head ’ strain we encountered, and which 
difiers completely from its parent Rangoon Rough (1) in chemical structure, 
IS almost inert metabolically, as both types of glycoljsis are absent and its 
respiratory exchange is at a minimum 

The next strain, Rangoon Rough (2a), which represents a step in the derivation 
of a smobth vibrio agglutinating with Rangoon Smooth antiserum, from Rangoon 
Rough (2), shows that its intermediate colony, biochemical and serological charac- 
teristics aie paralleled by its metabolism In contrast to its parent, its respiration 
IS twice as high, and it has fully regained its power of anaerobic glycolysis Aerobic 
glycolysis is, however, still absent, and in this respect, as in the otheis mentioned. 
It is an intermediate strain 

In the last strain of the senes Rangoon Recovered, v^hich was derived from 
Rangoon Rough (2a.), and found to have altered in its malre-up from protein 11 
to protein I and to have become smooth, stable, and sigglutmable with Rangoon 
Smooth antiseium, the changes have come full circle, and the metabohsm appioxi- 
mates that of the group I vibrios Aerobic glycolysis has been completely 
recovered 

In the case of the Rangoon strains, variations in metabolism accompany 
variations in structure, group, and serological and biochemical properties 


Tasze hi 


The metabolism of original and vanant strains of vibnos t 


Strain 

Group 

Respiration 
c mm 0, 

Aerobic glycolysis 

0 mm CO» 

Anaerobic glycolysis 
c mm CO; 

! 

Rangoon Smooth 

1 

I 

1 34 

0 65 

213 

Rangoon Rough (1) 

I 

0 83 

0 47 

1 81 

Rangoon Rough (2) 

V 

0 30 

00 

00 

Rangoon Rough {2o) 

♦ 

0 68 

00 

1 96 

Rangoon Recovered 

VI 

0 97 

0 83 

199 


* Glucose contaimng carbohj drato , protein not determined because of the instability of this 
= train 


•f ‘ Agglutinable ' in this table indicates agglutination u ith antiserum prepared against living 
Rangoon Smooth vibrios , homologous titre, 1 2o,600 
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Table III — condd 


Strain 

Group 

Respiration 
c mm Oj 

Aerobic glycolysis 
c mm COj 

Anaerobic glycolysis 
c mm COa 

El Tor 1 

IV 

131 

00 

190 

El Tor 1-R 

V 

0 64 

0 17 

0 27 

El Tor II 

IV 

101 

00 

2 04 

El Tor II R 

V 

0 50 

00 

0 33 

WSSO (non-agg > 

in 

0 48 

0 30 

2 12 

W880 (dgg ) 

II and VI 

0 06 

0 84 

210 

10405 

III 

0 52 

0 19 

2 14 

10405 T 

11 and VI 

100 

0 70 

2 40 

10105 {agg ) 

VI* 

1 20 

0 71 

2 06 

10405 D 

V 

0 58 

0 14 

0 26 

* Predominately group VI, but contains traces 
carbohydrates 

; of the galactose- and arabinose contaimng 

1 

Field strains — 





1331 (agg) i 

II 

0 72 

0 68 

211 

1331 (non agg ) 

III 

0 69 

0 30 

2 00 

6380 (non agg ) 

V 

1 30 

0 40 

2 00 

6380 (agg ) 

VI 

0 98 

0 82 

210 

China strains — 





Inaba 

I 

1 26 

0 84 

2 21 

China 5 

VI 

0 80 

L0 50 

2 04 

China 14 

VI 

0 97 

0 83 

1 78 

China 21 

ni and IV 

1 20 

0 60 

196 

China 22 

III and V 

100 

0 70 

2 00 

China 23 

TTI and V 

1 

1 15 

0 70 

2 20 

1 


El Tor variants — These two variants from-two El Tor strains (El Tor I-E 
and II-R lu Table III) were ‘ medusa-head ’ strains derived from the smooth parent 
strains by culturing them in 10 per cent peptone water As in the case of Rangoon 
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Rougli (2), the development of the ‘ mednsa-head ’ type of colony was accompanied 
by the appe^arance ih the strain of the glilcose-containmg caxbohj drate, and thus 
these strains had changed their position from group IV to group V The following 
changes were observed in metabolism oxygen consumption had fallen to about 
half its previous value, aerobic glycolysis which was negative in the case of both 
the original strains had increased slightly in one case and remained negative in the 
other, and finally anaerobic glycolysis had been reduced to about 15 per cent of its 
value in the smooth parent strains These variants accordingly are similar in 
metabolism to othet strains of the same type, and differ noticeably from their 
parents 

1V880 vai lanl — ^W880 (Linton, Shrivastava and Mitra, 1934) is a group III 
vibrio isolated from the river in Calcutta By means of repeated passages thiough 
mice, Taylor and Ahuja (1935) derived from it an agglutinable form which was 
found HI this laboratory to be of mixed groups II and VI Metabolically, the 
agglutinating derivative has twice the respiratory power of the original, and nearly 
tluee times its power of aerobic glycolysis It thus has come to resemble metaboli- 
cally the strains of groups II and VI whose chemical constituents it shares It is 
unchanged in anaerobic glycolysis 

Fiehl strain 10405 and its variants — The original of this group of vibrios was 
strain 10405, which was isolated from a carrier in the field It possesses the same 
metabolic values as the group III strains in general 10405 T and 10405 Agg 
were smooth variants agglutinable with cholera antiserum, which the oiiginal 
strain was not the first derived by Taylor and Ahuja (he cit ) by repeated 
mouse passages, and the second in this laboratory by repeated passages through 
0 5 per cent glucose broth As the table shows, the application of both methods 
not only brought about agglutmability, but changes in metabolism as well In 
10403 T, a strain of mixed group, the respiiation doubled, and it was agglutinable 
at 1 800 with Rangoon Smooth antiserum In 10405 Agg , a strain of group VI, 

it moie than doubled and this strain was agglutinable at 1 12,800 with 
the same antiserum A further change is found m the aerobic use of glucose 
which was tripled after the variation toward smoothness, aUd approximated that 
found in groups II and VI Anaerobic glycolysis remained unchanged 

The fourth strain in the group, 10405 D, was a ‘ medusa-head ’ strain derived 
in this laboratory from the parent 10405 in order to see what changes would 
accompany'^ variation toward the rough side in contrast to those found in 10405 
Agg where the variation was toward smoothness As m the case of the 
other ‘ medusa-head ’ strains, it was found to fall into group V It does not differ 
from its group III parent in respiration or anaerobic glycolysis, both of which are 
low in comparison to the group I strains and to 10405 Agg On the other hand, 
its anaerobic glycotysis is only about 10 per cent of that of the parent strain 
In all these characteristics it resembles the ‘ medusa-head ’ group 

Field shams — ^The status of these strains as true variants cannot in the 
nature of the case be considered to be as well established as m strains which have 
varied while under observation in the laboratory The two sets of strains, 1331 
and 6380, were derived on different dates from the same individuals, and were 
found agglutmable and of one chemical gtoup at one isolation, and inagglutinable 
and of another chemical group at the second isolation Accordingly they cannot be 
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considered as proven derivatives one of the other Strain 1331 of 18th Decembei, 
1934 was an agglutinable organism derived from a case of cholera, belonging to 
group II and \nth the metabolic activities foilnd in other members of this group 
The non-a'^glutmating vibrio, derived a month later from the same case when 
convalescent, was a group III organism which showed almost no change in its 
respiration or anaerobic glycolysis, and a loss of about one-half its glycolytic 
activity under aerobic conditions 

In strain 6380 the reverse occurred The organism first isolated was non- 
a<fcrlutinating, and group V chemically The agglutinating strain isolated two 
v^eks later was group VI chemically, and was double the first strain in respect 
to aerobic glycolysis 

In these two sets of valiants, accoidmgly, changes in chemical structure and 
agglutinability were accomiianied by changes in metabolism 

The Ghina strains — Nothing very marked is apparent from the study of the 
metabolism of these strains They belong to groups I and VI, which are very 
alike in metabolism, and to the mixed group in which metabolism also appears 
marked in every case 


Discussion 

The work reported in this paper has shown that metabolism is most active 
in the group of vibrios isolated from cases of cholera and belonging to group I In 
the members of group II the metabohe activity is less than in the first group, and 
in group III IS even less although these two groups overlap in respect to respiration 
The El Tor group IV is sharply marked off from the others by the fact that, while 
its respiration is equal to that of group I its aerobic glycolysis is negative This 
interesting result is also found to occur in three vibrios of the El Toi chemical 
stiucture which had been isolated in India It appears that the study of metabolism 
may prove of value in differentiating this group of strains, in addition to the chemical 
analysis They cannot be differentiated serologically by any methods y'et used, 
or by the use of hsemolytic tests, since, for example, strain 676 is non-hfemolytic, 
although It coincides with the other, hsemolytic, members of the group in chemical 
structure and metabolism Because of this finding we cannot agree with the 
opinion of Gardner and Venkatraman (1935) that the haemolytic test is a suitable 
method for differentiating the El Tor vibrios from the cholera vibrios 

Group V IS made up of organisms of diverse origin Eespiration is as high as 
in group I but the aerobic glycolysis has only about one-third the value This 
disparity is not present in group VI which is made up entirely of ^brios agglutinable 
with cholera antiserum, and vhich probably cannot be differentiated from the 
vibrios of group I by present serological methods 

In the group of organisms with mixed carbohydrate components, groups II 
HI, IV, V and VI are represented and it is obviously impossible to do” more than 
present the data, as the relative proportions of each kind of organism are unknown 
Respiration is high in all, and aerobic glycolysis is more variable than in the first 

si\ groups The same may be said foi the unclassified carrier strains esneciallv 
in respect to aerobic gl} coly sis > a 

In the unclassified group, the three water 
povers as the similar viteios in gioup III, and 


vibrios have the same metabohe 
can be placed provisionally in this 
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group It IS also probable that vibrio 464 can, as we have shown above, be legarded 
as a group I vibrio on the basis of its origin in a case of cholera, its galactose- 
containing carbohydrale and its rate of aerobic glycotysis, which appears to lule 
out its belonging to group IV, in nhich this power is not present 

The ‘ medtisa-head ’ organisms, which have been grouped separate!}", shov a 
lowering ot metabolism in every respect Their average respiration is 0 45 c mm 
and IS the lowest we have encountered although it is approached by the group III 
vibrios with 0 59 c mm Aerobic glycolysis is negative in three of the strains, and 
of lower values than we have foHind elsewhere in the other tw'o strains, excluding 
of course the organisms of group IV, where it is absent The organisms of this 
type are the only ones in our senes in which there is a change in anaerobic glycolysis 
Their average is about 10 per cent of that found in the other groups 

In general we have found a distinct correlation between metabolism, chemical 
structure, and source of the strains The most active vibrios metabolically aic 
those from cholera, i e , gioup I, followed by groups II and VI also largely, but not 
exclusively, from human sources Less completely active are groups III and V, 
and group IV is set oft fiom the others by the absence of aerobic glycolysis in it 
The least active strains are those which show the widest divergence from the group I 
type, namely the ‘ medusa-head ’ organisms These strains, which make but slight 
demands on their environment, would appear to be the most adapted of any vibrios 
to survive for long periods under unfavourable conditions and some evidence has 
been found id this laboratory to show that they are in fact mere resistant to sunlight 
than smooth vibrios are (Linton, Mitra and Seal, 193G) On the other hand 
all the ‘ medusa-head ’ strains which we have isolated are of laboratory origin, 
and so far as we know none has been found undei natural conditions As 
a result it is impossible to suggest what function, if any, they have in cholera 
epidemiology 

In the strains we have studied, changes from agglutmabihty to inagglu- 
tinability have always accompanied a lowered metabohe activity In the 
reverse case, the metabolism is increased When a series Idee the Rangoon or 
the 10405 strains is studied, the same process is apparent — metabolism 
falls with increasmg roughness and rises with reversion toward smoothne^'S 
and agglutmabihty with cholera antiserum This result strengthens the 
evidence which indicates that the vibrios of difterent chemical groups ha\e 
different rates of metabolism and the work in geneial confirms the validity of 
the vibrio groupings based on chemical strilctitre 

SUMMABY 

A study of metabolism in a senes of sixt}"-seven vibrios has brought out the 
following points — 

1 Metabohsm is most active in the group I vibrios, somewhat less active 

m groups II, V and VI, and least active in group III and the ‘ medusa- 
head ’ group 

2 The El Tor group IV, which also contains vibrios of the same chemi- 

cal structure isolated in India, is sharply marked off b} the absence 
m it of aerobic glycol} sis 
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3 As vibrios change in chemical structure and in classification, their 

metabolism likewise changes to conform to that of their new 
grouping 

4 Rough strains have lower metabolism than smooth strains and inagglu- 

tinable strains less than agglutlnable strains 

5 There is a good correlation in the vibrios between source, chemical 

structure, and metabolism 

6 The bearing of these results on the vahdity of the chemical groupings of 

the vibrios is pointed out 
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This paper continues tlie series of notes on the structure and reactions of the 
cholera vibrio and related organisms (Linton, Shrivastava and Mitra, 1934) 

A SHORTER METHOD FOR DETERMINING THE CHARACTERISTIC SUGAR OP 
THE SPECIFIC CARBOHYDRATE OF VIBRIOS 

The following typical experiment, done on water vibrio W880, illustrates the 
method which has been developed 

The 48-hour growth of 25 bottles or Roux flasks was washed off in 0 5 per cent 
pheilol solution, and centrifuged until free from agar The organisms were taken 
up 111 50 c c of distilled water and 3 c c of concentrated H 2 SO 4 added giving a 
concentration of 6 per cent of acid This amount was higher than that used in 
the hydrolysis of puiified carbohydrate, where 3 per cent is suflfcient The 
organisms were hydrolysed under reflux in the boiling water-bath for 1 5 hours 
The reducing power of the whole hydrolysate was equivalent to 75 0 mg of glucose 

The solid portion of the h 5 '-drolysate was removed in the centrifuge, and the 
liquid portion neutrahzed to Congo-red paper with sodium acetate, boiled with 
animal charcoal, and filtered The water-clear filtrate was concentrated on the 
water-bath to a small volume, and an equal volume of alcohol added to precipitate 
out the inorganic salts After a further concentration of the salt-free liquid to 
remove the alcohol, the reducing powei vas again determmed and found to be 
equivalent to 14 0 mg of glucose 

( 601 ) 
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A ph.enylosazone was formed from the filtrate, and its melting point found to 
be 159°C Known arabinose forms an osazone melting at 160°C , and arabinose 
has previously been found in this organism as the chai act eristic sugar 

The following results have been obtaiiled by this method, and in Table I 
they are compared with previous results where the alkali extraction method was 
used — 


Table I 


Strain 

Number 
of flasks 

Reducmg 

substance, 

mg 

MP of 
osazone, 
°C 

CharactoriBfcic 

sugar 

Charactenstic sugar 
in alkali extraction 
method 

W880 

25 

75 0 

150 

Arabinose 

Arabinose* 

Kohat Onginal 

50 

300 0 

206* 

Glucose 

Glucose^ 

676 

20 

43 0 

191 

Galactose 

Galactose= 

Rangoon Recovered 

25 


211 

Glucose 

Glucose’ 

603 

60 

360 0 

207 

Glucose 

Glucose’ 

El Tor n R 

34 

35 0 

204 

1 Glucose 

Glucose’ 

1617 

20 

56 0 

186t 

Galactose 

Galactose 

2027 

20 

48 0 

158t 

Arabinose 

Arabmos-'* 

3075 

20 

76 0 

1 160t 

Arabinose 

Arabinose’ 

M 1 

25 

80 0 

208 

Glucose 

Glucose’ 

M2 

25 

124 0 

206 

Glucose 

Glucose’ 

10405 (agg) 

20 

60 0 

206* 

Glucose 

Glucose’ 


* Mixed with hnown glucosozone, m p 208'’C 
1 Mixed With known galactosozone, m p 
} Mixed with known arabinosozoue, mp loS'C 


The amounts of reducmg substance given in the table are those obtained from 
the whole hydrolysate before it had been treated with charcoal The chief 
disadvantage of the method is that the suspension of whole bacteria m acid becomes 
very dark during hydrolysis, and while the yield of reducmg substance is originally 


’ Linton, Shnvastava and Mitra, Ind Jour Med Brs , 1934, 22 , p 309 
- Linton, Mitra and Seal, , 1936, 23 , p 589 

■' Linton, Shnvastava and Mitra, tbid , 1935, 22 , p 653 

* Linton, Mitra and Shnvastava, ibid , 1934, 21 , p 749 

^ Linton and ShnvaBtava, , 1933, 21 , p 379 
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muoli laiger than with the alkaline extraction method, most of this is lost 'in the 
necessary decolorizing with charcoal The method is accordingly not satisfactory 
for obtaining amounts of carbohydrate larger than those needed for the loimation 
of phenylosazone, i e , fiom 10 mg to 20 mg The chief advantages of the method 
ate that the amount ot bacteria is much smaller than that required by the usual 
method, and that the lengthy process of separation of carbohj drate by alkali 
treatment and subsequent precipitation with large amounts of alcohol is 
eliminated 


By the use nf the direct method we can determine the nature of the carbo- 
hydrate quickly and directly from the organisms themselves, and we have shown 
m the table that the characteristic sugar of the polysaccharide of the organisms 
studied IS the same as that obtained by the hydrolysis of the separated and purified 
carbohydrate 


Reactions oe isolated vibrio proteins in alkali 

In two recent papers (Linton and Mitra, 1934 , Linton Mitra and Seal, 1935) 
we reported on the ‘ A ’ and ‘ B ’ fractions extractable from vibrio proteins in dilute 
acid solutions We have subsequently extracted the proteins in dilute alkaline 
solutions and have followed the changes which occur under aerobic and anaerobic 
conditions 


Method 

The 48-hour growth from 80 bottles was washed free from agar in the usual 
way, taken up in 200 c c of distilled wnter which was made alkaline to pH 7 5 with 
caustic soda, and placed at 37°C with toluene as a preservative Roity-eight hours 
later the suspension, which had a strong faecal odour was centrifuged and the fluid 
portion brought to the acid side by the addition of dilute HCl and treated with 
1 6 volumes of alcohol The precipitate was taken ofi, and examined for specific 
rotation and mtrogen content The fluid portion, designated the supernatant, 
was tested for any free amino acids A portion of the solid residue was taken for 
Hausmann’s analysis and the remainder was again added to the alkaline solution 
and mcubated Samples were similarly taken at intervals as shown in the 
tables 

In the anaerobic study, the method was smulai, except that the solutions 
were kept in an atmosphere of mtrogen 

The two vibiios worked with were 1617 from a case of cholera and WSSO 
from water ’ 


Results 

Sujiei mtmt s —The supernatant fluids of the two organisms in aerobic solution 
after removal of the coagulable protein by acid, gave at each time interval positive 
tests for indol, glycine, leucine, tryptophane, argmine and urea Histidine, cystine 
and tyrosine were also tested for, but could not be detected ^ 

organisms under anaerobic conditions none of 
these constituents could be found eyen after 27 days at 37°C , . ^ 
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Acid precipitates — The results of the analyses are given in Table II 

Table II 


Analyses of precipitates of vibrio suspensions undei aeiobic and anaerobic 

conditions 


Strain 

Time intenal 

N content, 
per cent 

Weight, g 

Specific rotation, °C * 


( 

1 

48 hours 

1 

84 

0 32 

-23 0 



96 

8 6 

0 35 

—20 0 

Aerobic, 1617 ’ 


6 days 

7 2 

0 35 

-16 6 


1 

16 „ 

99 

0 35 

00 


f 

48 hours 

82 

0 37 

-26 0 



95 „ 

74 

0 39 

-19 IJ- 

Aerobic, \V880 


6 days 

88 

0 23 

-15 0 


L 

16 „ 

9 4 

0 83 

00 


f 

18 hours 

12 9 

0 10 

-61 0 

Anaerobic, l617 • 


06 „ 

12 9 

0 13 

-52 0 


8 days 

18 1 

0 09 

-47 0 


L 

27 „ 

12 9 

0 04 

-44 0 



18 hours 

13 0 

OOo 

-63 0 



66 „ 

12 8 

0 16 

-60 0 

Anaerobic, \\ 880 

1 8 da\s 

12 9 

0 07 

-48 0 

i 

i 

' 27 

1 

1 

1 

18 1 

J 

-62 0 


* After 2 hours’ iiicubition at 37°C in N/2 alkali 


As Table II shows, disintegration was much moie rapid in both organisms 
under aerobic than under anaerobic conditions Under the infliience o air m 
percentage of nitrogen was always lower, shov ing that more break-down o pro cm 
was occurring , the amounts of protein which wfere going into solution v ere also 
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treater at eacli time interval, and tlie specifi'c rotation shows again that disintegra- 
tion had occurred hardly if at all under anaerobiasis, although the time interval 
was 27 days as against 16 da^’^s in the aerobic expeiiments 

Residues —The analyses of the residues are given in Table III 


Table III 


strain 

Time 

Amide N, 
per cent 

Humin N, 
per cent 

Bases, 
per cent 

I’hosphotungstio 
filtrate, i)er 
cent 

Total N, 
per cent 

Nitrogen, 
per cent 




Aeiobic conditions 




48 hours 


42 

22 5 


67 2 

• « 

13 2 


96 

6 1 

38 

20 2 


68 4 

08 6 

12 2 

1017 

6 days 

68 

35 

191 


70 6 

98 9 

11 8 

[ 

10 „ 

52 

33 

18 7 


71 0 

98 2 

10 8 


4S hours 

68 

39 

23 3 


66 3 

100 3 

12 9 


96 „ 

65 

36 

219 


67 9 

99 9 

12 7 

W8S0 • 

0 days 

59 

37 

20 0 


69 6 

99 2 

12 0 


16 „ 

48 

30 

10 1 


70 2 

97 1 

no 




Anaerobic conditions 



. 

18 hours 

7 2 

39 

24 7 


05 8 

1016 

13 4 

1617 ' 

66 „ 

66 

36 

23 0 


66 0 

99 3 

13 0 


8 days 

7 0 

42 

22 8 


65 9 

99 9 

13 7 

. 

07 

M 1 ,, 

68 

39 

21 1 


66 7 

98 7 

14 0 

' 

IS hours 

65 

41 

241 


64 6 

99 3 

13 6 

W880 

66 „ 

68 

38 

23 0 


65 3 

98 9 

14 2 


8 days 

G 6 

44 

22 8 


66 2 

100 1 

13 5 

\ 

07 

„ 

70 

3 8 

21 2 


67 2 

99 4 

13 8 


The figures given in Table III present the converse picture of Table II Thp 
figure for amide nitrogen falls definitely under aerobic conditions, indicating th^l^ 
the amide linkages are being destroyed The bases are similarly attacked The 
total nitrogen is definitely less 'as the experiment proceeds Similar changes cannot 
be found in the figures for the proteins under anaerobic conditions ^ 


MB 


3 
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In these experiments it was not found possible to separate a definite fraction 
from the proteins b)'- alkali The proteins from either cholera or water vibrios 
disintegrate under the influence of alkali (pH 7 5), and the process is much more 
rapid undei aerobic than under anaerobic conditions As far as these experi- 
ments go they indicate that piotein disintegration under anaerobic, alkaline 
conditions, similar to those found in the intestine, is extremely slow 


The survival of rough, ‘ medusa-head ’ and smooth vibrios in 

RIVER WATER 

Water obtained from the Hooghly at Calcutta was centrifuged, put through a 
Seitz filter with an ‘ E-K ’ disc, and finally through a Berkefeld filter The water 
was then put into small flasks in 100 c c amounts, made neutral to litmus and 
inoculated with 200 million vibnos grown on agar slopes and washed off with sterile 
river water In this way the addition of peptone was avoided Sub-cultures were 
made on agar, daily at first and later on alternate days 

The five Rangoon strains were used, as follows — 

Rangoon Smooth, 

Rangoon Rough (1), 

Rangoon Bough (2), 

Rangoon Bough (2a), 

Rangoon Recovered 

We have reported extensive work on these strains, their characteristics and 
chemical structure (Linton, Shrivastava and Mitra, 1935) 

After exposure to sunlight for one hour, only Rangoon Rough (2) and Rangoon 
Rough (2a) were found to have survived Twenty -one days latei, during which 
time these two strains were exposed daily for one hour, the ‘ medusa-head ’ Rangoon 
Rough (2) was still actively growing, and the intermediate smoother Rangoon 
Rough (2a) was present only scantily Beginmng with the 26th day, the cultures 
were exposed for two hours daily and thirty-one days later the growth of both had 
disappeared 

This experiment demonstrates clearly the much higher resistance to sunlight 
of the rough stram of the ‘ medusa-head ’ type than of the smooth strains or the 
slightly rough strain Rangoon Rough (2a) has a considerable ‘ medusa-head ’ 
element in it, and this increased somewhat as the experiment w ent on 

In a second experiment, five times as many vibrios were inoculated (1,C00 
million) into 100 c c of sterile river water The cultures w'ere then exposed as 
before, and it was found that all survived, and that the smooth strains tended to 
become rough As in the usual disinfection experiments, it is probable that the 
sunlight destroys the bacteria gradually, and that a small number of them will 
continue to survive, although slowly dimimshing in number, after the majonty 
has been killed In view of our other work, it appears possible that the rough 
forms which ‘ appeared ’ m the smooth cultures exposed to sunlight were always 
present, and that they did not suffer from the exposure as the accompanying 
smooth forms did As the latter are destroyed, a gradual change appears to be 
taking place That such a situation can come about only when 1,000 million 
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bacteria are present initially, but not uben 100 or 200 million are present, is 
understandable from a consideration of the mass law wbicli appears to govern the 
death of bacteria in disinfection experiments 
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A Keeping properties op cholera vaccine 

It has usually been accepted that cholera vaccine should not be used more 
than SIX months after the date of manufacture Maitra and Ahu]a (1932) found 
that even when stored at a temperature of 37°C the vaccme retained its agglutmo- 
geme power to a very considerable extent for a period of at least one year and that 
the results of agglutination tests with the stored vaccine compare favourably with 
those obtained with freshly manufactured vaccine 

We have earned out a senes of protection tests in guinea-pigs with vaccine 
freshly prepared or stored for various periods in the plains of India including at 
least one hot weather period, inoculating the animals with three doses of our stock 
carbolized cholera vaccine at two days’ interval and subsequently giving them an 
intrapentoneal infection with a smooth agglutmable heterogeneous strain of 
V cholem The results of four successive tests of this nature are shown in 
Table I — 


Table I 


Test 

1 

i Age and type of racciae 

Number of 
guinea pigs 
vaccinated 

Number of 
guinea-pigs 
surviving 

Percentage 
8urVi\ al 

1 

Six months old 

5 

5 

100 


One month old 

5 

5 

100 


Controls (non. vaccinated) 

i 

6 

i 0 

1 

0 


( 609 ) 
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Table I — concld 


Test 

Age and tj^pe of vaoome 

Number of 
guinea pigs 
vacemated 

Number of 
guinea pigs 
surviving 

Percentage 
sur\ ival 

2 

Two ^^eeks old, carbolized 

10 

10 

100 


One year old, carbohzed 

10 

10 

100 


Fresh, boiled for two hours 

10 

0 

90 


Controls (non vaccinated) 

10 

0 

0 


Two years 

10 

9 

90 


One jear 

10 

« 


90 


Nine months 

10 

9 

90 


Six months 

10 

10 

100 


Controls (non vaccinated) 

10 

0 

0 

4 

Twenty-four hours old, carbolized 

5 

6 

100 


One month old, carbolized 


6 

100 


Nine months old, carbohzed 

5 

6 

100 


Controls 

5 

0 

0 


The results suggest that vaccines stored up to two years in the plains of India 
and exposed to hot weather temperature of 110°F or over give protection practically 
equal to freshly made vaccines The interesting point has been observed, in the 
case of one of these tests, that vaccine boiled for two hours gives a protection little 
inferior to that obtained by means of freshly prepared vaccine killed by carbolic 
acid and not heated 
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Althougli it IS not possible to draw any 'absolute deduction from the results of 
tests carried out by the abnormal route of intrapeiltoneal infection in guinea-pigs 
which may be applied to human inoculation, the observations, along with those 
previously made on the basis of agglutination response, would suggest that the 
cholera vaccine will retam its immunizing value for a much longei period than the 
SIX months now laid down as its expiry period and this without any special precau- 
tion such as preservation in cold storage 


B Bate op development op immunity apter inoculation 

In the sanitary regulations of many countries it is provided that persons 
inoculated against cholera may obtain relief from the imposition of certain 
quarantine measures In the recently framed International Sanitary Convention 
for Aerial Navigation it is laid down that ‘ persons producing proof that they have 
been vaccinated against cholera within less than six months and more than six days 
may only be sub] ected to surveillance ’ This is presumably based on the assumption 
that effective immunity is produced within six days after inoculation 1^ile 
it IS generally recommended that anti-cholera inoculation should be carried out by 
means of two or thiee doses, m practice, especially when mass inoculation is being 
done, a single dose is very frequently employed Practical experience has shown 
that single dose inoculation may be effective and tbe Office International d’Hygiene 
Pubhque has accepted that a single dose of inoculation may fulfil the requirements 
provided that a sufficiently high dose be employed We have investigated the 
rate of the development of immumty m animals after inoculation of a single dose, 
employing guinea-pigs for this purpose and, after immunization, injecting them 
intiapentoneally uith a heterologous smooth strain of V cJiokm A series of 
fifteen guinea-pigs were each given 0 6 c c of the anti-cholera vaccine in routine 
manufacture at this Institute and the infecting dose was given at different 
intervals after inoculation to successive batches of five each with the following 
results — 


Number of 
days after ' 
inoculation 

Number of 
guinea pigs ! 
inoculated j 

1 

Number of 
gmnea pigs ‘ 
survived | 

1 

Percentage 

survival 

Number of 
coutiols 
inoculated 

Number of 
controls 
survived 

5 

5 

Nd 

1 

Nil 

2 

1 

Nil 

7 

5 

\ 

1 2 

1 

40 

2 

Nil 

10 

1 

1 

5 

100 

2 

Vtl 


In this case it is seen that no effective immunity was produced bv the fifth 
teuth^day^^^^ immumty by the seventh day and complete protection by the 

confirmation of the period taken foi immumty to develop was 
obtained owing to a laboratory accident In connection with certain studies on. 
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variatioa in vibrios, tlie Inaba strain, 'whicli may be taken as a classical example of 
tbe J ajianese ‘ original ’ type, and winch corresponds serologically to the majority 
of agglutmable strains isolated from cases of cholera throughout the world, had 
been given a series of six intraperitoneal passages in white mice As a result of this 
treatment it had become inagglutinable m regard to both its ‘ H ’ and ‘ 0 ’ fractions 
While carrying out a further sub-passage of the inagglutinable variant the junior 
author (G S ) accidently injected a portion of a heavy living suspension of the 
inagglutinable variant into his own wrist On the same evening there was swelling 
and tenderness of the part, aceompanied by a rise in temperature and malaise 
The temperature fell on the following morning but the swelling increased and 
extended, subsequently disappearing in the course of three or four days The 
serum of the victim of the accident was examined for its agglutination of the original 
Inaba agglutmable strain and also of the inagglutinable variant which had been 
injected The following table shows the results of the tests at different intervals — 

Table II. 



Test strains 

Number of 





days after 

Inaba ‘ormirnl’ 

Inaba ‘ 

\ nnaiit ’ 

inoculation 






‘H’ 

‘O’ 

‘H’ 

•O’ 

2 





4 


1 

26 

25 

1 

G ^ 

125 


2,500 

2,500 

1 

8 

125 


0,000 

! 

; 5,000 

11 

125 


2,500 

2,500 

13 

126 


2,500 

2,500 

20 

125 

, 

1,000 

1,000 


Although leaction in this case was not to an agglutmable cholera strain but 
to a variant, we may presume that a corresponding reaction wmuld have occurred 
if the original strain had been injected If the development of agglutinins can be 
taken as an indication of development of immunity a considerable degree of 
protection can be assumed to have been obtained by the sixth day and maximum 
degree of immunity by the eighth day 
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For practical purposes tiie adoption of a six-day period for quarantine regula- 
tions IS probably suitable altbougb it appears that a higher immunity would be 
obtained in eight to ten days 

It IS interesting to note that the very earliest use of a cholera vaccine by 
Ferran (1885) w^s based dn the employment of living cultures The agglutination 
response in human beings to an inoculation with a single dose of 1 c c of cholera 
vadeine contaimng 3,000 million vibrios is always at a mudh lower level than that 
which we have noted in this case of moculation with a living suspension but, of 
course, the dose of living organism given was not measured 

We have found single dose inoculation of caibolized vaccine to produce titres 
up to 1 in 250 only as a maximum in human subjects and as a rule the highest level 
was tiot reached before the tenth day 

C The eelative value oe steains foe choleea vaccine 

Employmg the same technique for protection tests m guinea-pigs as was used 
when determining the keeping properties of the vaccine the animals were immunized 
with vaccines prepared from a vaiiety of strains of difierent sources of origin 
These included strains showing both ‘ H ’ and ‘ 0 ’ agglutination, ‘ H ’ agglutination 
only, and others which weie magglufcinable with a cholera high-titre serum prepared 
against a stiam corresponding to the JapaJnese ‘ ongmal ’ type The strams were 
isolated from cholera cases, from cholera carriers and from water, and ’phage-denved 
variants were also used In all tests the same heterologous strain of V cholerce 
was used for the intraperitoneal infecting dose The results of six groups of 
protection tests are shown m Table III — 


Table III 


Test 

number 

Strain 

number 

Origin 

Linton’s 

chemical 

Aggluti- 

nation 

Number 
of guinea 
pigs 

inocu 1 
lated 1 

Number 
of guinea- 
pigs 

1 survi- 
ving 

Percentage 


group 

‘ H’ 

‘O’ 

sun ival 

I 

1017 

Cholera case 

I 

■4~ 

-b 

4 

4 

100 


451 

99 

1 

I 

+ 

+ 

6 

6 

100 


454 P 

’Phage variant 

I 

— 

— 

6 

2 

40 


3075 

Water vibrio 

III 


— 

4 

2 

60 


Controls 



1 


6 

0 

0 

if 

454 

Cholera case 

I 


! + 

1 

5 

4 

80 


454 P 

j ’Phage ^ aiiant 

T * 


1 — 

1 

4 

2 

50 


3075 

Water 

III 

+ 

— 

6 

2 

40 

— 

Controls 





6 

0 

0 
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Table III — concld 


Test 

aumber 

strain 

number 

Origm 

Linton’s 

chemical 

group 

Aggluti- 

nation 

Number 
of guinea 
pigs 
inocu- 
lated 

■ 

Number 
of gumea 
pigs 
sum 
vmg 

Percentage 
survii al 

‘H’ 

‘O’ 

III 

1617 

Cholera case 

I 

+ 

+ 

6 

6 

100 


454 

» » 

I 



10 

10 

100 


454 P 

’Phage variant 

I 




mm 

4 

40 



of 454 








Controls 






I 1 

10 

IV 

Rangoon 

Cholera case 

I 

1 

*T~ 

+ 

4 

4 

100 


Smooth 









2027 

9 » 99 

II 

+ 


5 

5 

100 


880 

Water vihrio 

III 

— 

— 

5 

2 

40 


Controls 





5 

0 

0 

V 

505 

Cholera case 

II 

+ 

4" 

5 


100 


1676 

99 99 

I 

+ 

+ 

5 

4 

80 


1800 

99 99 


+ 

— 

5 

3 

60 


Kobat 

Water 

V 

— 

— 

5 

0 

0 


Controls 





5 

0 

0 

VI 

603 

Carrier vibrio 

VI 

+ 

a 

5 

3 

60 


683 

tr 99 


+ 

+ 

5 

5 

100 


676 

99 99 

IV 

+ 

4* 

6 

3 

60 


17 

99 99 


+ 

+ 

5 

3 

60 


1312 

99 99 


+ 

-p 

5 

4 

80 


158 

99 99 

III 

— 

— 

6 

1 

20 


508 

99 99 


— 

— 

6 

6 

- 


390 

99 99 


— 

— 

5 

0 

0 


467 

9 9 


— 

— 

5 

1 

20 


952 

19 99 


— 

— 

5 

o 

40 


950 

99 99 


— 

— 

5 

1 

20 


Controls 

99 99 


— 

— 

5 

0 

0 
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Throiigliout tlie senes oi tests it is sliown that the highest degree of ^protection 
IS given by vaccines prepared from strains which show Both H and 0 
agglutination with cholera high-titre serum A much lower degree of protection 
was given by strains which showed ‘ H ’ aggiutmation only The s\ixvival rate 
in the case of animals inoculated with vaccines prepared from inagglutinable vibrio 
strains was of a low order We have found that a survival rate against infection 
with V cholera} as high as 40 per cent may be obtained after inoculation with 
TAB vaccine, so that any such rate of survival may be due to non-specific 
action 

The majority of the agglutinable cholera strains used belong to Linton s 
chemical groups I apd 11 and in most cases a 100 per cent survival was obtained 
with these strains 

The infecting strain used belonged to chemical group I and vaccines prepared 
with both group I and gro,up II vibrios protected equally agaibst that strain The 
vibiios of these two chemical groups form the great majority of strains isolated from 
cases of cholera in India and although a difference exists in regard to their carbo- 
hydrate fraction we have found them indistinguishable serologically by cross- 
absorption tests The results of the present protection tests do not indicate any 
necessity to include strains of both group I and group II vibrios tn anti-cholera 
vaccine as both appeal to protect equally 

Strain 454 P which is a ’phage-'derived inagglutinable variant of the 
agglutinable cholera strain 454 is one which has undergone carbohydrate loss 
in the process of variation although such fraction of carbohydrate as lemaiSis is oi 
similar type to that of the original form This loss of carbohydrate can, in analogy 
with what IS found in the case of the Salmonella group, be considered to account 
for its failure to agglutinate and* would also explain its failure to protect 

Strains belonging to chemical group III have given little or no protection 
whethei inagglutinable or showiUg ‘ H ’ agglutination only 

Two agglutinable strains of chemical groups IV and VI gave a slight degree of 
protection The chemical structure of the agglutinable stram 68S was not 
determined 

The protection given by vaccines made from agglutinable ‘ carrier ’ strains, 
independent of their chemical structure, was of a much lower order than that 
obtained by vaccines of agglutinable cholera case strains 

In previous communications (Taylor and Aliuja, 1935o and h) it has been 
shown that certain inagglutinable vibrio strains had become agglutinable after 
serial passages through animals Three of these strains in their original inagglu- 
tinable form and m their subsequent agglutinable forms were used for the prepara- 
tion of vaccines and comparative protection tests carried out with them The 
results are showm m Table IV The V melchmleovi strain in its original form as 
received by us from the Tropical Institute, Hamburg, was presumably not of cholera 
origin and gave practically no protection, but the passage strain which sexoloeicallv 
was indistinguishable from F cholera} gave 90 per cent survival in guinea-pies 
JNo 880 water strain gave no protection in its inagglutinable form but the 


undergone serological changes in our hands and m those of other 
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The inagglutinable carrier strain 
10405 and its agglutinable passage variant gave respectively 30 per cent and 
60 per cent survival 


Table IV 

Pi otective value of magglutinable and agglutinable valiants of vibiios fiom 

non-cholera soui ces 


Stra> ns 

Agolutin \tion 

Linton’s 

chemical 

grou]i 

Number of 

Number of 

Percentage 

sur\'i\al 

‘H’ 

‘ 0 ' 

guinea pigs 
inoculated 

guinea pigs 
survivea 

Metchmkovi ‘ original ’ 

— 

— 

V 

10 

1 

10 

Metchuikovi ‘ passage ’ 


+ 

V 

10 1 

9 

■ 

90 

Water 880 ‘ original ’ 

— 

— 

III 

10 

Nxl 

mi 

Water 880 ' passage ’ 

-1 

+ 

VI 

10 

8 

80 

Garner 10405 ‘ original ’ 

— 

— 

III 

10 

3 

30 

Carrier 10405 ‘ passage ’ 


4- 

II and VI 

10 

6 

60 

Controb (non vaccinated) | 




10 

1 

Ntl 

Nil 


The full protection given by vaccine made from cholera case strams was not 
obtained with these artificially derived agglutinable strains The change from 
inagglutmability to agglutinability was, however, accompanied by a definite 
development of protective properties In the case of the V metchnihovi strain 
this occurred without apparently any change m the nature of the chemical fractions 
although some increase in carbohydrate content had developed A chemical change 
had occurred in the case of the passage variants of 880 and 10405 but none 
of the agglutinable variants showed the chemical composition associated with the 
group I and group II strain's which had given the highest degree of protection in 
the previous series of tests 

From these observations one can conclude that strains to be used for the 
preparation of anti-cholera vaccine should be those which show bbth ‘ H ’ and ‘ 0 ’ 
agglutination and are also of the chemical stiucture of which Linton (1935) has 
found to be characteristic of the majority of agglutinable strains isolated from 
clinical cases of cholera in India, i e , strams of chemical groups I and II Our 
work has been carried out in relation to infection with strains of such tjpe The 
incidence of infection in India with vibrios of serological types which have been 
desic^nated as Japanese ‘ variant ’ and Japanese ‘ intermediate ’ has not yet been 
deternuned although this point is at present under im'vstigation If infections 
vith such stiains are found to occur with any frequency it uill be necessary to 
ascertain whether the strains which ve have used for vaccine and which correspond 
to Japanese ‘ origmal ’ type will afford adequate protection against them 
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Stoimary 

1 Antii-cliolera vaccine stored in India for periodb up to two years, including 
exposure to hot weather temperatures in the Punjab, has been found to afford 
protection to experimental animals equal to that obtained with freshly prepared 
vaccine 

2 As judged by the results of protective tests in animals and by the rate 
of development of agglutinins there appears to be evidence that immunity is not 
effectively developed after inoculation with anti-cholera vaccme before the fifth or 
sixth day A higher degree of immunity is developed by the eighth to tenth day 

3 The maximum degree of protection in animals against infection with 
strains of the prevailing serological tj’pe is obtained by the use of vaccine prepared 
from strains which show both ‘ H ’ and ‘ 0 ’ agglutination with a seium of the 
Japanese ‘ original ’ type and which also show the chemical structure (Linton’s 
chemical groups I and II) characteristic of the majority of agglutinable vibrio 
strain 5 isolated from cases of cholera in India Agglutinable strains from carriers 
and agglutinable variants produeed from strains of origin other than cholera cases 
give a lower degree of protection 
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1 Introductory 

A SATE water for human consumption is one which is free from harmful 
constituents, chief amongst which are the organisms known to cause disease The 
most rational procedure, therefore, to mdicate the safety of a water would he to 
determine the presence or absence of specific pathogemc bacteria e g , those of 
typhoid, cholera, dysentery, etc , m the water Unfortunately, this task is not 
ordinarily possible in routine work and, even if it were possible, the chances of 
detecting the organisms are very remote It becomes necessary, therefore, to 
have recouTse to some indirect index of the pollution present m the vater, with 
the aid of which one maj’’ reasonably predict the probability of pathogenic organisms 
also being present Since the infections that are conveyed bj^ water areprimarilj 
of intestinal origin, the presence of bacteria normally inhabiting the intestinal 
tiact IS taken as evidence of the potential danger of the water A number of 
different tests, chemical and bacteriological, have been in use for determining the 
presence in water of pollution of intestinal origin 

A great deal of valuable information lelating to the sanitary and hygienic 
quality of waters is obtained from chemical analysis, but it does not necessarily 
follow that a water which is quite satisfactory from the chemical point of view is or 
must necessarily be free from dangerous bacteria ' The delicacy of bacteriological 
methods is far greater than that of the chemical analysis ’ (Thresh el al , 1933) 
The bacteriological exammation is particularly delicate from the reason of its 
being very sensitive in detecting intestinal organisms when they are present and 
from the ease with which the tests may be done An organism to be considered 
an ideal index of fsecal pollution should satisfy the following requirements, vi? , 
(i) it should be characteristically of fsecal origin, being deiived from the intestines 
of men or animals, (ii) it should be relatively rare in nature outside the intestinal 
tract, (ill) it should be easy of rapid detection by simple methods, (iv) its incidence 
in water-supplies should bear some definite and constant relation to the bacteiio- 
logist’s knowledge of the local conditions and to a samtary survey carried out at 
the time of sample collection, (v) it should be distinctly more viable and more 
lesistant in water and to treatment than the intestinal pathogenic bacteria 
(B typhosus, V cholerce, etc ), but not excessively so (Levine, 1921a and 6) An 
ideal index such as the one outlined above is not yet available, in the absence of 
which, the concensus of opinion amongst water bacteriologists all over the world 
has favoured the selection of the colon group for this purpose These organisms 
are not, in themselves, dangerous to health, but are significant as indices of the 
probable presence of pathogenic micro-organisms as well The members of 
this (fioup are not, howevei, restricted to the human intestinal tract but are also 
found in other warm-blooded animals There are amongst this group, also, 
some organisms which are not of faecal origin but are often present in soil, 
in grain, m milk and in other situations These would constitute a limitation 
to the unqualified acceptance of all members of the colon group of bacteria as 
beifig ob]ectionable and dangerous when present in water None the less, in 
practice it is necessary for the anal) st to interpret his results mainly on the 
basis of the presence of the colon group of bacilli He should, therefore, be 
tlioTOUfrhly well acquainted with the characteristics and peculiarities of the 
member's of this group particularly with reference to their distribution, viability 
and differential reactions 
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2 IIlSTOKICAL 

The bacteriological analysis of watei and the significance of the presence of 
lactose fermenttng cohform bacteria have been studied by numerous bacteriologists 
all over the world during the past 30 ycais A \ ery large volume of literature has 
thus accumulated on the subject Much of the research w orlc relates to the methods 
and media employed in routine water anatysis Following the classical work of 
MdcConkey in England, media containing bile salts have been in univen'^al use in 
England In America, media containing bile in some form appear to have been 
largelj^ used prior to 1912, when the)'^ were discarded in favour of the ‘ standard 
lactose broth ’ devoid of any inhibiting substance, as the bile was believed to be too 
mhibitive to the colon gioup of organisms 

Within a few years, hownver, after this change wns introduced, the standard 
lactose broth was found to be unsatisfactoiy as a preliminary enrichment medium , 
a very large number of spurious presumptive positive tests resulted ficm its use 
This involved a cbnsiderable expenditure of media, time and labour as all the 
presumptive positive tubes had to be confirmed on solid media 

The spurious positives were found to be due mainly to the sporulating and 
non-sporulating aerobes and anaerobes w^hich grew and fermented lactose, in the 
t absence of an inhibitory agent in the culture medium In some cases, the false 
positive tests weie due to symbiosis In their attempts to eliminate or minimii'e 
the above trouble, American bacteriologists have tried and advocated the use of 
various dyes and chemicals, alterations in the pH values of the prelimnarj 
enrichment media by buffering or otherwise, and the incubation of the prinrary 
cultures at 46°C The initial work on each of these lines has subsequent!} been 
either confirmed or refuted by workers in various parts of the world, e g , Media 
containing chemicals oi dyes Phenol broth and phenol agar (Irons, 1901, E eynolds 
1902, Muhiuddin All, 1932 , Dienert and Etrillard, 1930) Aesculin broth and agar 
(Harrison and Vanderleck, 1909 , H'ale and Melia, 1911) Bone acid broth 
(Levine e( a? , 1934) Telluric acid medium (Chalmers, 1934) Liverbroth (Jackson 
andMuer, 1911) Brilliant green bile (Jordan 1927) Basic fuchsin broth (Bitter, 
1932) Crj'^stal-violet (Salle, 1929) Gentian \iolet (Churchman, 1912, 1921, 
1923) Methylene-blue and brom-cresol-purple broth (Dominick and Lauter, 1829 , 
Eaghavachari and Seetharama Iyer, 1934) Congo red agar (GauSsen, 1918, 
Fleury, 1932) Ferrocyamde citrate agar (Tonney and Noble, 1931) Media 
with pH increased lo 8 0 instead of 6 4 (Janzig and Montank, 1928) The Eijhnan 
fermentation test involving the incubation of cultures in glucose hioth at 46'^C 
(Eijkman, 1904 , de Graaf, 1928 , Leitei, 1929 , Taylor and Goyle, 1931 , Brown 
and Skinner, 1930, Kuchhoft et al ^ 1931 a, b and c, Kingsbury, 1932, de 
Maghalhses, 1932 , Williams et al 1933 , Perry and Hajna, 1933 , Webster and 
Eaghavachari, 1934 , AVebster, 1935) 

It should be noted that not one of the newer methods enumerated has found 
universal acceptance for use in routine work 

(a) Bile salt and bile bwths — During recent years, considerable attention 
has been paid to the addition of bile to the media used in w ater analysis MacC onkey 
(1900) first used bile salt (commercial sodium taurocholate) for the differentiation 
of B coll and B typhosus in fasces MacConkey and Hill (1901) used this medium 
with great success foi the isolation of sewage bacteria Jackson (1907) reported 

J 5 MR ^ 
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consiste'ntly satisfactory results with a bile medium in the examination of over 
5,000 samples of water He found that the restraining action of bile salt was 
selective, favouring the growth and increase of B coli, retarding the growth of 
certain streptococci and aetually killing off the majority of other species growing 
at 37°C Jackson and Muer {loo cii ) further stated that all the known members 
of the typical coli group, gave positive gas tests with lactose bile, while no other 
known species gave such a result except B toelclm, a pathogenic bacterium also of 
intestinal otigin, which can be readily distinguished from B coh by microscopic 
examination after culturing in lactose bile broth Hale and Melia (1910) found that 
bile salts m lactose bile broth caused an appreciable degree of inhibition, in the 
development of the B coh, w'hioh increased with the attenuation of the organisms, 
that rejuvenation in suitable media, followed by transplantmg to lactose bile 
broth, sometimes proved the presence of B coh not shown by the lactose bile 
broth in direct plantings, and that lactose bile broth gave more reliable presumptive 
tests for B coh than any othei known medium, including Aescuhn broth Other 
species of bacteria caused much less interference with gas formation by B coh m 
lactose bile broth than in other media Lactose bile broth was of particular value 
in making a distmction between recent and more remote pollution and gave more 
satisfactory evidence of the actual relative sanitary and hygienic qualities of water 

Jackson and Muer (loc cit ) showed that lactose bile broth was slightly 
inhibitive only to the attenuated forms of B coh in water, so that any positive 
tests with lactose bill broth indicated recent contamination 

Jordan (1913) used fresh ox-bile and found that it inhibited at least from 
one-third to one-half of the viable cells of B coh and sometimes a much larger 
proportion Fleshly isolated cultures were inhibited in at least the same degree 
as those under long cultivation or those subjected to a prolonged sojourn in water 
He found no evidence that B coh organisms which were unable to grow on bile 
media were any more attenuated or less vigorous biologically than their fellows 
and that, with some care m the technique, B coh could be isolated in a larger 
proportion of cases from standard lactose broth tubes than from lactose bile broth 
tubes He concluded that bile was strongly inhibitory to B coh and that its use 
always involved a suppression of a certain number of viable bacteria, which cannot 
be assumed to be insignificant in the interpretation of water analysis 

Bunker (1916) showed that a medium composed of 1 per cent peptone, 1 per 
cent lactose and 2 per cent to 5 per cent of dried bile was more delicate in detecting 
intestinal organisms, and was, in the majority of cases more reliable than the 
standard lactose broth (devoid of any inhibitory agent) 

Obst (1916) compared lactose bile broth with standard lactose broth and 
favoured the latter as it involved less expenditure of money, labour and time 
Pure fresh bile of umform composition was difficult to get and stored bile showed 
progressive deterioration in strength and quality 

Salter (1919) studied the effect of different concentrations of bile salt on the 
rate of growth of B coh communis and found that small quantities of bile salts, i e , 
under five-tenths per cent, stimulated the growth of the organism while greater 
amounts, such as 1 per cent, greatly inhibited growth He emphasized the need 
for mvestigating the effect of varying amounts of bde salt on other members of the 
colon group. 
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Eitter (1919) examined 1,899 samples of surface water using lactose bile broth 
and standard lactose broth and found that (1) when lactose bile broth and standard 
lactose bioth were both fermented the presumptive test was reliable in 75 per cent 
of all cases considered, (2) if all three broth tubes in a series (as u ell as lactose bile 
broth) were positive, a greater percentage of tests was confirmed for B coh, than 
was the case when onl^' one or two tubes w ere positive, (3) when the standard lactose 
broth alone was positive, in 70 per cent to 78 per cent of cases the water rvas proved 
not to contain B coh, (4) and samples positive in standard lactose broth m 
24 hours contained B coh in 97 7 per cent of cases and therefore required no 
confirmation 

Muer and Hams (1920) proved that lactose bile broth containing 6 per cent 
dried ox-gall was preferable to a 10 per cent medium, as in the former (n) the 
formation of gas was more rapid and greater in amount, (6) positive tests were 
obtained in higher dilutions, (c) attenuated forms of B coh were more readily 
demonstrated, {d) interference by other bacteria, especially the streptococci, was 
less evidi-nt, (e) a clearer medium, free from sediment, was available for use and 
(/) forcing oat of cotton plugs and foaming did not occur in the process of steriliza- 
tion of the medium 

Schcenholz and Meyer (1921) demonstrated that the influence of bile salts 
upon tbe typhoid bacillus varied markedly at different pH concentrations At a 
pH of 7 0, even 1 per cent bile increased growth while at pH 'of 8 0, even 0 5 per cent 
was mhibitive 

Levine (1921o and h) summed up the arguments for and against the use of ^ 
bile for presumptive tests as under (1) lactose bile broth is more reliable for ' 
presumptive tests but a greatei proportion of the colon group may be detected by 
prehminaiy enrichment in standard lactose broth, (2) if the proper concentration of 
bile salts could be determined, the lactose bile broth would probably be preferable 
to standard lactose broth It is very probable that if a standardized evapoiated 
bile were available, a concentration of 1 p'er cent to 2 per cent in lactose peptone 
water would be superior to the standard lactose broth 

Levibe (1922) compared sodium taurocholate (Merck) with evaporated bile 
(Difco) as regards then effect on the rate of multiplication of B coh and B (srogenes 
He found an optimum concentration of 1 5 per cent of sodium taurocholate to 
accelerate the growth of B coh and B ceiogencs Higher concentiations than 1 
per cent of Difco dried bile W'ere inhibitory He favoured the inclusion of 1 per cent 
to 2 per cent of dried bile for preliminary enrichment medium foi the colon group 
of organisms He found that such a medium favoured the acceleration of the 
growth of B coll and B oorogenes and inhibited many of the anaerobic spore-form- 
ing lactose fermenters Spore-forming aerobic lactose fermenters did not grow m 
peptone lactose broth containing bile For comparable results a standard 
evaporated bilo or pure bile salts were considered essential 

Winslow and Dolloff (1922) tested five strains of colon organisms using 
sodium choleate and found that bile salt lactose broth was distinctly more 
favourable than the standard lactose broth without bile since at every pH 
value the former showed more gas in 48 hours than the latter at 96 hours 
and the amount of gas progressively increased on increasing the alkalinity of the 

medium up to pH 8 0 
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Houston (1920i-1933) us^d MacOonkey’s bile salt lactose broth m his classical 
research wbrk on ■water extendfng over several years 

Cunningham and Raghavachari (1924, 1926) an'd Raghavacliarl (1926) found 
MacConkey’s bile salt lactose broth tb be a most suitable medium for the isolation 
and diffterentiation of lactose fermenting coliform bacteria from feces, soil, milk 
and -water 

Dunham et al (1925), the referee appointed by the Committee No 1 on 
Standard Methods of Water Analysis, stated {i) that evaporated bile may inhibit 
or stimulate the gro-wth of the coli group depending on concentration and reaction, 
(^^) different samples of bile varied in their inhibitory or stimulating effects, (???) 
with all samples of bile tested, a 2 per cent concentration "was found to stimulate 
gro-wth, (ta) in an alkaline range of pH 7 3 to 7 8 five per cent bile stimulated 
growth, while at pH 6 1 considerable retardation resulted, (a) the optimum reaction 
foi growth of B coh is a function of the composition of the medium , thus, in 
peptone lactose broth ivithout bile, growth \/as best at pH 6 1, while in lactose bile 
broth the most favourable range of pH was between 7 3 and 7 8 

Holwerda (1928 1930) reported excellent results with the use of MacConkey’s 
bile salt lactose broth in Ins researches on coliform bacteria in feces, soil and water 
His results were confirmed by de Roode (1928) m an independent investigation 
using the same medium 

Cameron (1930) used a modified lactose bile broth on chlorinated vater samples 
at Fostona and found that it eliminated a little over 90 per cent of the gas formers 
as determined in standard lactose broth and did not inhibit or interfere with the 
presumptive test In fact he found the presumptive index was about 60 per cent 
higher in the lactose bile broth In the case of the standard lactose broth there 
weie 405 ten-c c cultures containing gas formers, vhereas m the lactose bile broth 
there were only 40 ten-c c cultures showing gas that had to be confirmed 

Ey (1930) compared the modified lactose bile broth and the standard lactose 
broth by testing 50 selected v ell waters Twenty-four were negative in both and 
26 showed B coh by one or both methods Of these 26, seventeen or 65 per cent 
showed gas in 48 hours by both methods and 14 proved to be true B coh The 
othei three gave suspicious colonies Five or 19 per cent shoved gas in standard 
lactose broth, only four of vhich confirmed Four or 15 per cent shoved gas m 
lactose bile broth only, of which only one confirmed He would not, theiefore, 
accept modified lactose bile broth as the final solution until more research work 
had been carried olit, using both media 

Ruchhoft el al {loc cil ) suggested that a 2 per cent bile medium may be 
buffered and the pH adjusted to 7 6 to 7 8, and rendered less mhibitive and 
relatively less selective 

Evans and Bahlman (1931), working with samples of raw settled water, shoved 
that the percentage of modified lactose bile broth tubes showing gas was 29 1 as 
compared with 22 2 for the standard lactose broth, the percentage of confirmations 
being 21 1 and 19 0 respective!}" The percentage of presumptive rositivcs that 
confirmed was 714 and 85 7 respectively 

Gettrust and Hostettler (1930, 1931) earned out comparative tests at five 
different water purification plants, using standard lactose broth and a modified 
lactose bile broth (3 57 grammes of ox-gall per litre of standard lactose broth) 
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The data obtained indicated that the modified lactose bile broth inhibited most of 
the false presnmptives met with m filtered and chlorinated ivateis Telsts on raw 
waters showed more gas formers and more confirmations wnth modified lactose 
bile broth than with the other 

Lochhead aiidHeiver (1931) compared standard lactose broth with lactose bile 
broth (Difco dehydtated products being used in both cases) on 482 samples of w ater 
Positive tests w'ere in each case confirmed by transfers to eosin methylene-blue 
agai, two isolated colonies, consideied to be fsecal, being examined by the usual 
further tests and differentiated into coh and (ciogcncs Of 2,410 tulies of each 
medium inoculated, 1,263 and 1,199 tubes respe'ctively showed gas formation 
Coh-(erogenes organisms were recovered from 649 of the former and 782 of the latter 
They concluded that there wms no advantage in using lactose bile broth, if the 
presence of the coh-ce)ogencs group w as to be considered as the criterion of pollution 
but that the lactose bile broth w’as to be preferred if the faecal type of B coh alone 
was to be regarded as the index of pollution 

Bole (1931) reported on a series of comparative tests on well and spring-well 
waters, using standard lactose broth and a modified lactose bile broth (3 5 grammes 
of ox-gall alone being added to each litre of the standard lactose broth) The 
percentage of presumptive positive tubes confirmed for coh-cc) oge'nes wms 94 8 and 
96 6 respectively The inhibiting effect of bile was confined to the cercgaies group 
B coh completions being increased Parallel use of the standard lactose broth 
and the lactose bile broth gave nearly 100 per cent completion when gas was 
present m both There wms 6 per cent of the total completions by both methods 
which did not ferment the standard lactose broth and 12 per cent which did not 
ferment the modified lactose bile broth 

Pawan (1931) used MacConkey’s bile salt lactose broth with success in his 
research work on faices and water 

Hirst (1932) reported very good results using MacConkey’s bile salt lactose 
broth on the Colombo water-supply 

A careful analysis of the literature summarized above indicates that (1) the 
use of the standard lactose broth in routine water anal) sis has not been satisfactory, 
as it gives rise to a considerable number of false presumptive positive tests, (2) bile 
in some form or other has been found to inhibit the spurious gas formers, and (3) 
the concentration of the bile in the medium and the reaction to which the medium 
has to be adjusted are the most important factors controlling the success or failure 
of this medium The pH value of tile lactose bile broth should be maintained 
always at 7 4 to 7 8, while that of the standard lactose broth should be at 6 4 to 7 0 
The inhibition of attenuated forms of B coh, which is stated to be associated with 
the use of bile, has been the subject of adverse criticism by a few of the workers 
who consider that the presence of these forms in wmter is not less significant than 
that of the viable forms The bulk of informed opinion on this subject tends, 
however, to the view that the attenuated forms may be safely ignored in sanitary 
water analysis ^ 

Most of the observers cited above have used either fresh bile or dried ox-bile 
In these two forms, bile has not yielded consistently uniform results By usino a 
standardized evaporated bile (Difco product) it was found that the true B coh ol 
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feecal origin were more readily brought out, which furnished adequate evidence of 
the presence of comparatively recent and potentially dangerous fsecal pollution 
in water 

We have not been able to ascertain from the American literature cite'd above, 
the reason why the commercial sodium taurocholate (bile salt) advocated b-\ 
MacConhey in 1900, and usted ever since, with uniformly good results all over the 
British Empire has not found favodr in American practice At the request of 
Dominick and Lauter, a small supply of the commercial salt used in our laboratory 
was made to them in March 1934:, but their results on its use have not yet rea'ched 
us We ate inclined to believe that had this salt been used in a concentration of 
1 9 per cent (for making the stock broth) in preference to fresh or dried ox-bile, 
and had this bile salt lactose broth been adjusted to a pH of 7 4 to 7 8, the reports 
from the bacteriologists of the New World would have b4en all in favour of the bile 
salt They would have had little or no trouble from the spurious presumptive 
positives which have been seriously interfering with their tests 

(6) Bitlliant gteen bile broth — ^Withoht giving this medium a fair tiial m their 
comparisons, the American bacteriologists have been trying the use of various 
dyes either alone or in combination, mostly with bile (fresh or dried) Brilliant 
green has been tried by a large number of workers in combination with bile 
Their findings briefly reviewed are as under — 

Winslow and Dolloff (loo cit ) used brilliant gieen along with bile salt and 
found that the dye inhibited the organisms studied in concentrations between 
1 100,000 and 1 1,000,000 in the broth medium {B ceoogenes was, however, 

slightly more resistant than B coli), but that in the presence of the bile salt, 
the toxicity of the dye wholly disappeared and B ceiogenes and B pneimomce 
grew even in a concentration of 1 500 of the dye They tried two other 

triphenylmethane dyes, viz , rosohc acid and gentian violet, but found them 
too inhibitive both alone and m combination with bile salt 

McOrady (1925) in recording the findings by himself and his collaborators m 
other laboiatories, on especially selected samples of brilliant green and dried 
oX“gall, concluded that brilliant green bile broth eliminated practically all 
spore-forming lactose fermenters and seemed to be well adapted for use with 
certain tj’pes of waters This medium was, therefoie, considered to have 
a certain well-defined sphere of usefulness 

Jordan (1926) used brilliant green bile broth as a confirmatoi-y medium 
and proved that (1) it eliminated the large number of Endo plates on which no 
growth occurred, (2) it eliminated spore-forming organisms, (3) it yielded 
a 99 5 per cent completion of brilliant green bile-broth cultures, (4) it did not 
inhibit any organisms of the colon group when used for confirmation, (5) the 
concentrations of brilliant green 1 10,000 and bile 5 per cent did not seem to 

be such as to be absolutely specific for the colon group 

Howard and Thompson (1925) show^ed that broth made with the addition of 
bile salt and brilliant green was inhibitory to the colon group 

Steam and Steam (1925) and, later, Bakieten and Rettgcr (1927) found that 
the inhibitive eftect of brilhant green on Gram-positive organisms diminished 
as the pH was raised above 7 0 
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Kuchlioffc (1926) considered that brilliant green bile broth was too inhibitive 
to the B coh group to be used for direct preliminary enrichment 

Schoenlin (1926) observed the greatest stimulation of coh organisms 
occurring in 2 per cent bile, lesser stimulation down to 1 per cent and up to 
3 per cent With 2 per cent bile the maximum favourable density of biilliant 
green was 1 75,000 and the optimum pH was 6 9 

Lauter (1926) compared standard lactose broth with brilliant green bile broth 
In 1923, he found 51 per cent of tubes showing gas in the former and 73 per cent in 
the latter confirmed on eosin-methylene-blue agar He had 740 presumptive 
positives in brilliant green bile broth in 2 da3^s and 741 confirmed m standard lactose 
broth after a minimum of 3 days, a gam of one day with exactly the same figure for 
treated waters On the raw water, he had 87 presumptives in 2 days against 81 
confirmed in standard lactose broth m 3 days — a greater number of positives 
evidently, but on the safe side The check was very good and in favour of brilliant 
green bile broth giving a larger number of positives, which meant a greater 
tendency towards safety in watching a water It was much simpler to make 
brilliant green bile broth tubes than eosin methylene-blue agar plates and the 
presence or absence of gas in any desired volume was easiei to record 
than a ‘ colour reaction which had proved itself off shade so much of the 
time ’ 

Hale (1926) advocated the use of brilliant green bile broth as a straight 
presumptive test without further confirmation He would attach no significance 
to the differentiation of the colon group into B coh and B outogenes, as a criterion 
of faecal pollution He found that brilliant green bile broth gave a reliable picture 
of the sanitary quality of a water-supply from source to consumer, that the amount 
of gas was usually greater in brilliant green bile broth than in standard lactose broth 
tubes, and that attenuation was the deciding factor in delayed gas formation in 
brilliant green bile broth He used a brilliant green bile bi oth containing 8 per cent 
ox-gall and the proportionate concentrations of lactose, peptone and brilliant green. 
His final dilutions after the inoculations of water had a 4 per cent concentration 
of bile 

Koser and Shinn (1927) tested various combinations of brilliant green w'lth a 
view to ascertaining the capacity of spore-forming lactose fermenters to grow in 
brilliant gieen bile broth By running suitable controls (without biilliant green) 
with only peptone and ox-gall, they showed that the mhibitive action v as due to 
bile rather than to the dye 

Dunham (Zoc cit ), the referee appointed by Committee No 1 on Standard 
Methods of Water Analysis, summarized the results of the investigations on the 
composition of the brilliant green bile broth as under — 

(1) The amount of brilliant green giving satisfactory results in bile media 

was proportional to the concentration of bile , with 2 per cent evaporated 
bile, concentrations of the dye of over 1 50,000 proved distmctly inhibitory 
'' per cent bile a concentration of 1 20,000 of the dye gave very good 

(2) Two per cent bile was slightly superior to 5 per cent bile both as the 
preliminary enrichment medium and as a sub-cultural medium 
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(3) ■\^Tien brilliant green bile brotb ivas used for direct planting, tlie per- 
centage of oiiginal fermentations cbecked nell with the previous studies of 
the Committee but the 2 per cent bile showed a slightlv higher degree of 
completion and no cultmes had to be discarded because of the presence of 
spore-formers 

(4) When brilliant green bile broth was used as the second step in a sub-cultural 
series the degree of comiletion nr the better bile density (i e , 2 per cent) vas 95 
per cent 

(6) In 3 cases out of 1,487 cultures, the presence of spores was noted and 
used as a basis for rejectins the completion This frequency of 0 2 per cent was 
considered unimportant Dunham, therefore, advised the adoption of brilliant 
green bile broth as a secondary or supplementary procedure in routine water 
analysis 

Bole {loc cit ) considered that a combination of bile and brilliant green in 
optimum concentration would perhaps be the best, if still an incomplete ansn er to 
the problem of selective media in water analysis 

Gettrust and Hostettler (1931) came to a similar conclusion 

Jordan (1932) considered that the use of standard lactose broth, by the 
profusion of its false positive reactions, cast a doubt on many v ater-supplies and 
that, therefore it lacked specificity and was of little or no value as an aid to the 
water-works operator He, therefore, advocated the adoption of the parallel 
planting procedure, which has since been included in the recent edition of the 
standard methods It is claimed, for this procedure, that the use of brilliant green 
bile broth gives a prompt indication of massive pollution and at the same time 
permits the standard lactose broth to rejuvenate organisms whose metabolic 
activity IS at a comparatively low level Time and specificity are thus believed 
to have been gained and the major function of an operating laboratory protecting 
the public IS greatly facihtated by a reasonable blendmg of promptness and 
accuracy 

Wells (1932), an advocate of Jordan’s parallel planting technique, has 
elaborated an automatic transfer device consisting of a tw in batteiyof fermenta- 
tion tubes connected by capillary sijihon wdiich serves to inoculate secondary tubes 
of brilliant green bile broth just as gas begins to appear in the primary standard 
lactose broth tubes 

Keatley (1933) found that brilliant green bile broth eliminated false presump- 
tive positives which were of frequent occurrence with the standard lactose 
broth 

Parr and Caldwell (1933) instituted a comjiaiison by direct inoculations m 
brilliant green bile broth (2 per cent) and m standard lactose broth of 1,407 samples 
of water and found that brilliant green bile broth w as much superior to the staMarcl 
lactose broth as the former suppressed spurious positive presumptivcs 1 leir 
results indicated that the correlation of the recovery of the colon caogenes group 
w ith production of gas in brilliant green bile broth wms less perfect, in certam jpes 
of w aters at least, than previously published w ork would indicate Brilliant green 
bile broth was undoubtedly superior in most aspects to standard lactose liro 



629 


T. N. S. RagJiavachan and P V. Seetliaiama Iyer 


and when completed with lactose, as described in the tests proposed, would give 
highly satisfactory lesults, if the procedure stopi ed shoit of the ‘ completed tests ’ 
They urged finally the nefcessity for further tests on parallel planting and gave a 
warning against any attempt to discouiage other selective media that might 
perhaps prove to be equally satisfactory 

Butterfield (1933) compared two brilliant green bile broths, one containing 
2 per cent bile with a brilliant green concentration of 1 75, COO and the other 5 pei 
cent bile with 1 20,000 of the dye While the brilliant green bile broth presump- 

tives confirmed in almost 100 per cent of the cases, they n ere not equally successful 
in detecting all bacteria of the eoh aciogcncs group in vaters from difi’erent sources 
and so were considered unfit foi use as standard media He concluded that a 
parallel planting procedure designed to combine the advantage of the productivity 
of the standard lactose broth with the restiictive qualities of the brilliant green bile 
broth was impracticable 

Horwood and Heifetz (1934) consideied standard lactose broth to be the best 
presumptire test medium, although nearly the same degiee of sensitivity was 
obtained with the brilliant green bde broth They, therefore, strongly advocated 
the buffering of the standard lactose broth and making other changes to improve 
the same, before finally abandomng it as a presumptive medium 

(c) Meixa using othei dyes and chamcah — Another promising line of research 
along which a fairly large amount of work has been carried out during recent years 
relates to the use of various other dye-stuffs for inhibiting the spurious lactose 
fermenters 


Churchman {loc oil ) showed that gentian violet was veiy toxic to 
Gram-positive organisms but that it had little or no effect on Gram-negative 
organisms except in high concentrations The effect of the dye was proved to be 
bacteriostatic rather than bactericidal 


Hall and Ellefson (1918) demonstrated that gentian vnolet, when added to the 
standard lactose broth, elimmated the false positives met with in water analysis, 
which were due to anaerobes They later (1919) recommended the use of this dye 
in routine water analysis, as the percentage of confirmations was also much higher 
in the dye broth than in the broth containing no dye 

Similar conclusions were reached by Beinstem and Loewe (1919), Gay and 
Beckwith (1922), Norton and Davis (1923), Steam (1923), Burke and Skinner 
(1925) and Weisner (1926) 


Wagner and Monfort (1921) suggested the use of a medium (omitting beef 
extract) with 2 per cent peptone, 0 2 per cent lactose and 0 001 per cent gentian 
violet They recommended pasteurization instead of sterilization of the medium 
for ensuiing good results, and they relied on the gentian violet foi inhiliiting the 
spore-formers that would normally reteist pasteurization ° 


Kessler and Swenarton (192 1 ) advocated the use of a special medium for the 
detection of B coh in milk It was a modification of brilliant ereen bile broth 
using gentian vwlet instead of brilliant gieen and a lesser proportion of bile 
(1 per cent) One thousand and ten exammations for B coh reveahrl i rrn 
positives for typical members of the colon group This method was therefore 
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considered by bim to be suitable for water anal}’ sis, as it was superior to the 
standard lactose broth as evidenced by collaborative work in a water anal)^is 
laboratory 

Poe and Witt (1930) estimated the comparative values of brilliant green and 
malachite green in 5 per cent bile broth and found that a dye concentration of 
1 20,000 in the case of brilliant green and of 1 30,000 of malachite green was 

sufficient to inhibit most anaerobes in water 

Gaussen (too cit ) advocated the use of toluidine blue in peptone medium for 
the presumptive test, as this medium gave a very reliable picture of the sanitary 
quality of a water 

Fleury (loc cit ) reported very good results with Congo red when used in a solid 
medium for direct plating 

Ritter (1932) used basic fuchsin in a concentration of 1 1 250, and obtained 

94 5 per cent confirmations from 33,532 presumptive tests as compared with 
57 5 per cent in 45,030 tests with the standard lactose broth The selective 
action of fuchsin broth was found to be most marked in the case of chlorinated 
waters 

BronfebbrenUer et al (1920) found that rosolic acid was a very dependable 
antiseptic for checking the growth and development of Gram-positive bacteria 
without interfering with the normal growth of the Gram-negative bacteria in water 
Even B dhjsentericB, which was inhibited by brilliant green and crystal violet, was 
resistant to rosolic acid 

Salle (1929) showed that gentian violet was not a definite chemical compound 
but rather a mixture of various dyes belonging to the para-rosamlme series 
Crystal violet was one of the dyes entering into the mixture and had a definite 
chemical formula, viz , hexamethyl-para-rosaniline 

Browning, Gilmour and Mackie (1913) and Browning ei al (1914) demonstrated 
that crystal violet was one of the most active bactericidal substances known and 
that the amount required to inhibit the colon group was 1 500 Brilliant gieen 

was considered to be at least twenty times more toxic to B coh than gentian 
violet 

Salle (1930) outlined a scheme of water analysis, and described a crystal violet 
broth which, he showed, was superior to the brilliant green bile broth and gave 
100 per cent positive lesults for members of the coh mrogenes group 

Stark and England (1933), however, discounted the value of Salle’s crystal 
violet broth as they obtained poor results with its use on pure cultures 

The use of brom-cresol-purple was suggested by Prescott in 1924 (Prescott and 
Winslow, 1931) Salle earned out further studies using this medium m 1929 
Dominick and Lautei {loc cit ) dev'eloped a methylene-blue brom-cresol-purplc 
broth in which a sharp colour change from blue through green to yellow was 
claimed to be specific for B coh and so the presumptive test was absolute and 
needed no confirmation This medium has since found a number of adherents, 
prominent amongst whom are Leahy, Freeman and Katsamps (1931), McCants 
(1931), Stewart (1933) and Nolte and Kramer (1933) The latest issue of the 
American Standard Methods, 7th edition (A P H Association, 1933) has 
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mcluded tins medium and also Salle’s crystal violet brotli as non-standard media^ 
worthy of being tried Raghavachari and Seetliarama Iyer {loc cil ), liowe\er, 
showed that although the Dominiclc-Lauter broth yielded better results than the 
standaid lactose broth, it was definitely inferior to the bile salt lactose broth of 
MacConkey both as a preliminary enrichment medium and as a sub-cultural 

medium 

Howard (1932) compared the Domuiick-Lauter broth with brilliant green bile 
broth and the standard lactose broth He showed that the brilliant green bile 
broth was preferable to Domaiick-Lautcr broth as the latter depended for its value 
on the estaldished suitability and punt} of the dyes used in making the medium 
He stated that without a guarantee on this point the medium might be of but 
limited value 

Noiton (1933), in Ins very illuminating review of the literature and research 
woik on the technique of watei analysis, has emphasi/ed the need for caution in 
using the newer media with dyes in their composition Great care should be 
exercised in the final evaluation of ivater supplies when such dye-containing media 
are emplbyed for inhibition purposes Ihey must be proved to yield lesults 
comparable wutli those obtained from a iioii-inhib’ting medium on the 'pailicidar 
^va’ei-sujiply under consideiahon 

Levine et al {loc at ) suggested a new medium using boric acid with proteose 
peptone and lactose which is claimed to be specific for the true B coh, the caegenes 
and tniei mediates being effectively suppressed by the boric acid We have examined 
24 samples of water so far, but our results do not substantiate the claim, as B coh 
and B wiogenes grow equally well m the new medium We are continuing the 
comparison with a new modification since suggested by Levine and our resuHs will 
form the subject-matter of a later note 

Chalmers {loc at ) found that by using 0 C013 per cent telluric acid in a bile 
salt broth, a minimum inhibition of the true B coh and a maximum inhibition of 
the B cerogenes could be achiei cd He show ed that the telluric acid wms, therefore, 
superior to brilliant green which allowed both coh and caogenes to grow"^ in ite 
presence 

[d) Buffenng of media and varying then pH — Jaiizig and Montank (foe at ) 
obtained an elimination of 47 per cent of the false presumptive positives by using 
a lactose broth of decreased pH value They claimed that this would result m a 
considerable saving in the time required to certify a water-supply Thompson 
(1927) recommended the buffermg of the standard lactose broth by the addition of 
2 g of di-potassium hydrogen phosphate to each litre of broth for eliminatine the 
spurious lactose fermenters 


Euchh^t et al {loc at ) claimed that })uffering would prevent the produc- 
tion ot a pH lethal for coh-cerogenes and thus make it possible to confirm more 
presumptives 


1 A ^ade parallel tests on 114 samples using lactose bioths of two 

different pH values, viz , 6 8 and 8 1 Thirty-two samples gave negative presumu- 

iiuml!e?nrt appreciable reduction in the 

number of false presumptive tests and the lactose broth of pH 8 1 gave fewer 

for B coi_U per cent fewer-tlan the standarS lactosfLth of 
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(e) Bijlman’s lesi tnvohimj incuhahon of qhtcose holh cullwcs ctl 4G°0 — 
Muliiuddin Ah (?oc ch ) advocated Vincent’s melliod which depended on tliegro^stli 
ofco?ibutofnootherwaterbac1eriaai41 5°C ml per cent peptone broth, containing 
0 5 per cent fcodium cldondo and 0 083 pci cent phenol He considered this medium 
to be very sensitive for vigorous young cultures, but older ones n ere more sensitive 
to phenol and the metliod would, therefore, not detect coh winch had been in water 
for some days The positive tests with this medium would thus indieote recent 
pollution with great accuracy. 

T]ieEi]]cman fermentation test, which involve^- Ihe incubation of the prelim- 
inary enrichment cultures in cducose broth, at a temperature of 40'"C , has been 
veiy extensively tried by numerous vcorkers all over the woild Ihc results 
reported b}- them are extremelj' conflict mg, from uncjualihod apjroval by some 
to unequivocal condemnation by others This test has not, therefore, met with 
acceptance foi routine use, except in Germany, where, however, it is only one 
of three tests usuaby cmploved 

The loutme standard practice m America has been preliminaiy enrichment in 
standard lactose broth, and subsequent confiimation of only one of the c;c/6 po&iltve 
tubes — usually the tube showing gas with the Bmallc“-t volume of the inoculum — 
on cosm-methylcnc-blue agar for the presence of members of the coh-cii ogenes 
group This IS usually earned out b} picking off one or two suspicious looking 
colonies from the plate, examining their staining reaction by Gram’s method and, 
if they are Gram-negative, passing them again through the same standard lactose 
broth for gas production The parabcl planting procedure outlined m tlie latest 
edition of the Standard Methods is not apparently meant to bo adoptc-d as a 
routine measure for all water ex'aminations 

The standaid routine practice m England and the British Empire generally — 
including India, Burma, Ceylon, Hongkong, and all other tropical po'-sessions m 
Africa and m the Ear hlasl — has been preliminary enrichment in MacConhey’s bile 
salt lactose broth and reading off the results— acid and gas production — at the end 
of 48 houis’ incubation at 37%' Confirmations arc usually made only in the case of 
samples from sources under investigation or fiom sources whose antecedents aie 
unhnow n 

In France — and possibly also in all French possessions— preliminary enrichment 
m phenol broth and subsequent confirmation on phenol agar constitute the estab- 
lished routine procedure (Dicnert and Etnllaid loc cit ) 

In Germany lactose-peptone a/olitmin solution, Eijkman’s glucosc-pcptonc 
solution, and Bubr’s ncutial-mannitc bouillon arc used for thcB coh tests ’Jhesc 
media have rereived the official sanction of the Prus>-ian Public Health Board 
(Schcet/ 1932) 

In Sweden, the direct plate count on Congo-ifd agar has been the favmuritc 
and officially rccogni/ed test in surcc'-sful m-c for man} years (Huss, 192b) 

In Italy, Paiietti’s method of dftcimining tile coh index is considered the 
most sensitive and economical method It has been succcss''ull} uf-cd to obtain 
results v\huh harm conformed with the requirements of the Mmistenal Decree 
(Scgie 1929) 

There is thus no unifonnit} in the mcthfds adojtcd in different parts of the 
world for the bacteriological anal} sis of water There has, however, been a great 
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The water under test is added to MacConkey’s bile salt lactose brotli. 
the strength of the media and the quantities of water added being shown in 
Tabic I — 

Table I 


Details of cuUuies in MacConleif s bile salt lactose hotli 


I^umber of 
dilution 

Strength of medium 

Amount of 
medium 
in c c 

Test uater 
added in 
c c 

Number of 
tubes 
inocu]'’tcd 

A 

Bacto peptone 6 per cent 





1 Sodium taurocholate 1 5 per cent 





Lactose 1 5 , 





Neutral red 10 „ 





pH 7 .I-? 8 

7 

20 

1 

B 

60 per cent of A 

7 

10 

2 

C 

SO „ „ A 

5 

6 

1 3 

D 

I 33 3 „ „ A 

3 to 4 

1 

3 




0 1 

3 




0 01 

3 




0 001 

3 


The cultures (as indicated in Table I) are then incubated at 37°C and examined 
for the production of acid and gas at the end of 24 and 48 hours At the end of 
24 horns, however, the tube with the second smallest amount of water showing 
acid and gas is selected (or the tube w'lth the largest amount of water if no other is 
positive or even if none of the tubes are positive) Dilutions from these tubes are 
sub-'cultured on MaoConkey’s bile salt lactose neutral red agar (We adopted a 
slightly different procedure to the one detailed above, in the case of samples 
submitted to the brilliant green bile broth and the standard lactose broth 
comparisons with MacConkey’s bile salt lactose broth — vide Sections 4 and 5 
infra ) Usually a 5 mm loopful of the culture is transferred to 9 c c of sterile 
distilled water, well shaken and a 3 mm loopful from this dilution is plated 
out on MacConkey’s bile salt lactose neutral red agar with an L-shaped bent- 
glass rod The plate is then incubated at 37°C for 24 hours at the end of 
which period six to ten discrete pink colonies from a sector of the plate are 
fi died off into bile salt D-tubes These are incubated for 24 hours evarnincd 
at the end of this period for acid and gas, and a 3 mm loopful from each of the 
positive cultures is transferred to the following differential media 

(i) Nutrieht broth for motility and indole formation 

(ii) Buffered glucose broth for the methyl-red and the Voges and Proskauer 
tests 

(ill) Koser’s synthetic citrate medium for citrate utilization test 

(iv) Saccharose, dulcite, adonite and mulin sugars foi fermentation reactions 

(v) Gram’s staining reaction, from a 24-hour agar slope culture 

The su<Tar reactions are recorded after 48 hours’ incubation at 37 C , motility 
and Gram’s staining reaction at the end of 24 hours, indole production after 7-. 
hours and the methyl-red and Voges and Proskauer tests after 4 days iioscr s 
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citrate utilization is recorded at tte end of 24, 48 and 72 tours The six ox ten 
organism's thus studied are then classified into B coh,B cBiogenes ox intei mediates 
This classification has, in our experience, afforded a most convincing confirmation 
of the presumptive positive tests If such a classification rreie not made many 
waters containing lactose-fermenting organisms of the colon-osrogenes group, 
derived from sources which are probably innocuous, would stand to be unjustly 
condemned This would particularly be the case with tropical water-supplies 
This view has been held by Clemesha (1908, 1912a and b), Archibald (1917), Wood 
(1919) Cunningham and Raghavachari (1924), Lewis and Pittman (1928), 
Martin (1934), Rider (1928), Brewster (1929), Taylor and Martin (1927), Topley 
and Wilson (1930), Poe (1931), Tonney and Noble (1932), Hirst {he cii ), 
Hicks (1929), Burke-Gaffney (1932), Gray (1932), Bardsley (1934), Thresh 
et al {loc at ) arid Perry (1929) There is clearly a growing conviction that 
the B (BTogenes and intermediate forms are of little or no sanitary significance 
as a test for dangerous faecal pollution of water supplies Gray {he cit ) who 
holds the view that the wrogenes forms are \ery frequently met with m faeces 
and urine, and so cannot be considered to be entirely without significance, 
still gives It as his considered opinion that, when they are present in a 
watet, they merely indicate, at best, pollution of a remote kind If the views 
set forth above, including the slightly variant one of Gray, were correct, the 
confirmatory technique followed m American practice is not necessarily specific 
for proving truly fsacal pollution It is not unlikely that, under these conditions, 
a number of waters are being unjustly condemned Further, as we had already 
stated in a previous paper (Raghavachaii and Seetharama Iyer, loc at ) the'use of 
a broth devoid of an inhibitory agent for preliminary enrichment, the confirmation 
of only one of the presumptive positive tubes by the staining and morphological 
characters alone of only two colonies suspected to belong to the colon-cerogenes group, 
and finally the confirmation obtained by passing these two organisms through 
the same standard lactose broth devoid of any inhibiting agent, would appear to 
our minds to detract considerably from the value of the American Standard 
Methods as a reliable test for the study oi faecal pollution of water-supplies 


Further, we feel that the confirmatory technique of the American Standard 
Methods is open to the grave objection that only the tube showing gas in the 
smallest amount of inoculum is selected and confirmed A positive finding for 
coliform organisms is no doubt specific but a negative finding in that one tube does 
not. preclude the possibility of coliform bacilli being present in any or all of the 
larger volumes This would be true only of the standard la'ctose broth, as the 
piesumptive positives in that broth aie 'not necessarily also positive for colon- 
cerogenes organisms Under these conditions, some samples of water, which stand 
to be condemned, might be certified as potable, while some other samples might 
be condemned as unfit for drinking on the assumption that if the smallest 
volume failed to confirm the higher ones (10 c c ), shall be deemed to have 
coiifirmed for coh group This appears to be the ‘ im-pheil meaning ’ given to the 
interpretation outlmed in the Amencan Standard Methods (Ruchhoft 1935) We 

‘ implied meamng’ given to an unconfirmed positive 
niiamg it cannot be considered accurate or reliable under all conditions 

cit. planting procedure introduced into the latest edition of the 

Standard Methods is apparently not meant for universal adoption m all cases, So it 
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13 too early to judge of its comparative value and merits Tlieie can be no doubt 
Iiovever, that the new procedure necessarily involves a greater amount of media" 
iabou^ time and skill If a simpler, yet more reliable and single medium were 
available neither the standard lactose broth test, nor the parallel planting 
procedure can have any claim to remain a standard procedure, or part of one 

3 The Ajierican standard lactose broth compared with 
MacConkey s bile salt laetose broth 

The samples of water used m this inquiry were derived from different sources, 
scattered over the whole of the Madras Presidency— an area of over 143 870 square 
miles, with a coast line of about 1,700 miles The annual lainfall in the area vanes 
from 150 inches on the west coast to about 25 inches on the east These samples 
are, therefore, to be considered representative of different climatic and geolcgical 
conditions and of seasonal variations and, consequently well suited for making 
comparisons of the value of difierent media in respect of different types of water 
Bighty-six Such samples were examined in this comparison Routine samples 
arming in the laboratory, packed in ice and kept as near freezing point as possible 
during lail transit, were used for the tests, So that no conscious selection was made 
of the samples The standard lactose broth (pH 6 8) was made in accordance with 
the formula and technique outlined in the 7th edition of the Standard Methods of 
the American Public Health Association (1933) The sample of water under test 
was added to this broth in tubes in the same quantities as those used in the 
MacConkey series 

Table II 


Source of sample 

. 1 

Total number 

MacCoakfi’s 

LACTOSE 

HILE SArT 

BROTH 

' AveRICAN STihVWV 

I ACTOSE BKOrn 

of samples 

Presumptive 

positives 

ConBrmed i 

Presumptii c | 
positives 1 

Confirmed 

A Wells 

17 

1 

! 

u 

■H 

13 

B Rivers 

13 

13 

13 


13 

C Infiltration galleries 

17 

13 1 



' 11 

D I lives and iinpoun 
clecl surface 
water*; 

i 

i 

! 12 1 

i j 

j 12 

1 

i 

1 

11 

1 

E Filtered waters 
(slow sand and 
rapid iiiechl ) 

! 12 

1 

q ; 

9 

i 0 j 

7 

F Chlorinated waters 
(all sources) 

1 13 

1 

G 

6 

10 

5 

TOTAt s 

8G 

67 

1 

67 (100%) 

j 74 

CO (81%) 


Table II gives the total number of samples from different sources that v ere 
examined the number that gave a positive presumptive test by the two methods 
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after incubation at 37°C for 48 hours, and the number of these presumptive positives 
that were confirmed for the presence of the members of the colon-wi ogenes group 
Presmiphve test —While only 67, or 78 per cent, of 86 samples gave acid and 
gas in one or more of the tubes in the MacConkey series, 74 samplfes or 86 per cent 
yielded a presumptive positive test in the standard lactose broth The number 
of presumptive positives in the case of raw water samples was the same in both 
media In the case of w'ell waters — deep and shallow wells containing water of good, 
bad and indifferent qualities aie included— 14 were positive in MacConkey ’s bile salt 
lactose broth and 16 in the staildard lactose broth But with treated, i e , filtered 
and chlorinated or merely chlorinated supplies, the figures were 28 and 31 respec- 
tively for the two media A scrutiny of the positive presumptive tests at the end 
of 24 and of 48 hours’ incubation reveals the fact that a positive reaction was found 
in smaller quantities of the inoculum after 24 hours in lactose broth in 28 cases 
In 45 Oases both media gfeve identical results, while in 13 cases the standaid lactose 
broth was found to be less delicate than the MacConkey’S bile salt lactose broth 
The readings taken at the end of 48 hours showed the corresponding figui'es to be 
43, 38 and 13 respectively It is* not safe to institute a comparison on these lines, 
when We are dealing with two totally different types of media, the presumptive 
positives in one of which are not necessarily of the same significance as in the other , 
for, as 13 well known, the positives in the standard lactose broth are often spurious 
Assuming for purposes of argument that the two sets of results are comparable, we 
find that in at least 13 out of 86 samples the MacConkey’s bile salt lactose broth 
was able to detect lactose-fermenting coliform organisms in smaller volumes of 
water than the standard lactose bioth 


Confinnatoiy tests — All the 67 samples whi'ch gave a positive reaction in the 
MacConkey’s bile salt lactose broth confirmed for the presence of colon-csrogenes 
organisms, a confirmation of 100 per cent, while only 60 -or 81 0 per cent of the 74 
samples positive presumptively in the standard lactose broth, similarly confirmed 
The percentage of confirmations m MacConkey’s bile salt lactose broth for each of 
the different sources was 100, while it varied widely for the different sources in the 
case of standard lactose broth Thus, it was 96 pe'r cent for raw waters, 81 5 per 
cent for well wateis, 78 per cent for filtered and only 50 pei cent for chlorinated 
supplies Nearly 20 per cent of the presumptive positive tests on standard lactose 
broth were due to lactoSe fermenters outside the coh group and had to be confirmed 
before the initial finding could be rejected These results may be compared with 
those of Levine (1920) on the analysis of 1,559 samples in the advanced sector of 
the American Expeditionary Forces at Dijon in France His samples were derived 
from both treated and raw supplies His figures for confirmations from standard 
lactose broth were 97 7 per cent for untreated and only 44 per cent for chlorinated 
samples 


Tables III and lY may be read together The results of our tests have been 
classified in these two tables on the basis of two different sets of reactions generally 
used in differentiating lactose fermenters of the colon^cei ogenes group into coli 
w) ogenes and intermediate forms The metliyl-red and indole tests alone have 
been used in framing our Table II, while Koser’s citrate utilization test and the 
indole test have been employed in Table HI This latter combination of tests 
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Table III 


A companson of the lactose feimeniers isolated from the ino senes on the 
basis of the methyl-ied and indole tests 


Source of samples 

Number 

of 

samples 

MACrONKE\’s BILE SALT 
HCTOSE BROTH 

American stvnbird 

LACTOSE BROTH 

Jfumber 

of 

cultures 

Ooh 

jEro 

Intel 

Numbei 

of 

cultures 

Coh 

^ro 

Inter 

A Wells 

17 

119 

81 

34 

4 

104 

40 

54 

1 

B Rn ers 

13 

109 

62 

23 

15 

0] 

40 

10 

n 

C luf gallcnes 

17 

86 

44 

38 

4 

GO 

38 

28 

3 

D Lakes etc 

14 

97 

51 

29 

IT 

07 

13 

J6 

38 

E Rjlterod 

12 

75 

33 

38 

4 

">6 

30 

23 

3 

F Chlorinated 

13 

42 

21 

10 

2 

37 

20 

12 

5 

Totals 

SG 

510 

292 

181 

46 

454 

220 

103 

41 

Peroentaols 



5G2 

34 0 

S9 


48 4 

J2 *5 

01 


Table IV 


A companson of the lactose fcnnenteis isolated from the tuo senes on the 
basis of KoseAs citiate and indole tests 


Fource of samples 

Number 

of 

samples 

MacConkbt’s bur salt 

I iotose bboth 

American standard 

LACTOSE BROTH 

Number 

of 

cultures 

} 

Coh ) 

Mro 


Number 

of 

cultures 

Coll 

Mio 

Inter 

A Wells 

B Rivers 

C Inf gallones 

D Lalvcs, etc 

E Filtered 

F Chlorinated 

17 

13 1 
17 1 

14 

12 

13 

110 

100 

86 

07 

75 

42 

80 1 
63 I 
43 1 
46 I 
32 1 
21 

37 
' 34 

1 39 

43 

40 

21 

; 2 ' 

3 i 

4 

8 

3 

0 

104 

01 

00 

07 

56 

37 

IS 

40 

36 

40 i 
33 

20 

1 66 1 
[ 49 

29 

52 

23 

14 

0 

2 

4 

5 

0 

3 

Totals 

86 

619 

286 

214 

20 

39 

454 

H 

223 

14 

■ 

OH 

Peroentagrs 



54 9 

Ul 2 

( 
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miles have been studied, using the standard lactose broth advocated in the 7th 
edition of American Standard Methods (1933) abd the MacConkey’s bile salt 
lactose broth of the British standard procedure 

I The results of parallel tests on these samples of water, using the two broths 

as preliminary enrichment and selective media indicate that the BlacConkc} s 
bile salt lactose brotli test is moie sensitive and more satishotoTy and reliable 
requiring no subsequent confirmation at all ’ 

II Either as a selective medium for the preliminary presumptive test or as 
an enrichment medium to be followed up by sub-culture foi the study of discrete 
colonies and classification into coh, cc) ogeyies and intermediates, the standard lactose 
broth cannot be considered suitable oi satisfactory 

III Gas production in standard lactose bioth particularly with treated 
supplies (partially or fully purified ox chlorinated waters) cannot be relied upon as 
an index of the presence of the cohn-cei ogenes group of organisms Confirmation 
has to be made except perhaps in the case of raw untreated waters, known to be 
polluted Again, the confirmation usually made of only that tube showing gas in 
the smallest volume of the inoculum is open to the objection that a negative finding 
does not preclude the possibility of coh being present m the larger volumes Unless 
all the gas positive tubes are confirmed this test cannot be consfdered cohclusu e or 
absolute With MacConkey’s bile salt lactose broth, every presumptn e positne 
tube IS invariably confirmed 

IV The perce'ntage of true B coh revealed by preliminary enrichment and 
subsequent confirmation in standard lactose bioth is distinctly lower than that in 
MacCohkey’s bile salt lactose broth The latter medium is obviously, therefore, 
bettei suited for the stimulation of the true B coh during their lag and logaiithmic 
phases 

V The presence of an indicator viz , neutral red, in the MacConkey s bile 
salt lactose broth serves to indicate the formation of acid — one of the tu o primary 
characteristics of lactose-fermenting coliform bacteria The standard lactose 
broth IS lacking in such an indicator 

4 The Amekican standard lactose broth cojupared with the 

BRILLIANT GREEN BILE BROTH (AMERICAN PUBLIC 

Health Association) 

Forty-five samples of water from different sources weie submitted to test 
using the two broths for preliminary enrichment The broths were prepared in 
accordance with the formulas and technique laid down in the Ameiican Standard 
Methods-7th edition, 1933, pp 115^119 [he cit ) The pH of the standard 
lactose broth was adjusted to 6 8 and that of the brilliant green bile broth to / 4 
The dye used was Brilliautgrnn (Grubler) 

The technique adopted in the preliminary enrichment process was the same 
as that recorded in the previous section A slight deviation was, howei er, m'>de 
in the initial stage of the confirmatory procedure Instead of using a single o-mm 
loopful of culture fiom the presumptive positive tube showing gas in the second 
smallest volume of the inoculum, we transfeired a l-mm loopful from cacu 
of the positive tubes in every set of samples after 24 hours’ incubation at 37 0 o 
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9 c c of stenle distilled ivater From this tube of sterile distilled water, inoculated 
with material from each positive culture, we plated out a 3-mm loopful on 
MacConkey’s bile salt lactose neutral red agar The subsequent procedures were 
the same as those detailed above The idea underlying this innovation was that 
we felt we would avoid possible negative results that may be due to the omission 
of some positive tubes, and we also hoped to obtain a greater variety of 
lactose-fermenting coliform organisms when preselit Further, it was hoped that 
by this method every presumptive positive tube would have been subjected to 
a" collective confirmation The results amply justified our expectations 

The tabular statements given in Table VI follow the same general scheme as 
in the previous section — 


Table VI 


Source of samples 

Numl er of 
samples 

Amebicah staedabd 

LACTOSE BROTH 

Bhilliaht green 

BILE BROTH 

Presumptive 
positives i 

1 

Confirmed 

Presumptn e 
positives 

Confirmed 

A Wells 

10 

1 

10 

0 

10 

9 

B Rjvcrs 

6 

<5 

6 

6 

6 

C Infiltration ftallpnes 

0 

i 6 

1 5 

j 

7 

6 

D Lates, etc 


6 

6 

' 6 

6 

E Filtered 

0 

4 

4 

4 

4 

F Chlorinated 

8 

7 

4 

® i 

4 

Totals 

45 

1 

39 1 

34 

38 

33 

PERCE^TAOES 


i 

1 

1 

i 

87 2 


86 8 


m the standard lactose broth and 88 or 84 4 per o bZh Th 

postoe presunrptrve reactions on preUnaty enx.cbmen/S 37"C jo, *8 
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Conji'imatoiy test — Tlnrt 3 '--four and tlurty-tliree samples, le, 87 2 and 86 8 
per cent of the presumptive positives in standard lactose brotli and brilliant green 
bile broth respectively, confirmed for the presence of coh-cei ogenes The results 
are practically identical for the two med^ But the presumptive positives and 
confirmations for coU-tBrogenes in MacConkey’s bile salt lactose broth for the same 
45 samples were 37 and 37 respectively (vide Section 6 infia) A confirmation of 
100 per cent was thus obtained from the MacConkey’s bile salt lactose biotb, as 
there were no false positive's in that series 


Table YII 


A comparison of the lactose fermenters on the basis of Kosei’s citiaie 

and indole tests. 



1 

j ^ 

1 Number 

1 

American standard 

LACTOSE BROTH 

Bbilliant obeen 

BIEE BBOTH 

Source of samples 

1 

1 

1 

samples 

1 

1 

i 

Number 

of 

cultures 

Colt 

.Ero 

1 liter 

Number 

of 

cultures 

Coll 

Mro 

Inter 

A Wells 

1 

1 

10 

1 

1 

1 

' 28 

1 

\ 

43 

1 

4 

80 

47 

29 

4 

B Riveis 

6 

49 

14 

32 

3 

53 

27 

22 

4 

C Infiltration 
’nUeries 

9 

1 

40 

23 

16 

1 

38 

12 

23 

3 

T) Lakes, etc 

1 6 

t 

I 

.. 

16 

40 

12 

28 

1 

0 

E Eilterpd 

6 

1 

33 

17 

1 

16 

0 

1 

38 

27 

1 1 

10 

1 

F Ohlonnated 

8 

i 

31 

i 

1 18 

1 

! 

9 

4 

*X 

i 

15 

11 

1 

Totals 

45 

1 

1 

285 

123 

i 

134 

1 

1 

1 

28 

270 

110 

123 

13 

Percentages 

1 

1 

' 1 

1 

i 

! 

43 3 

47 0 

98 


50 7 

44 6 

47 


It will be seen from Table VII that the brilliant green bile broth revealed a 
larger percentage of true B coh (50 7) than the standard lactose broth (43 2) The 
tiue I? coh confirmation for the MacConkey’s bile salt lactose broth for the same 
serof samples was 55 2 per cent The brilliant green bile broth would, therefore, 
appear to have a more selectne action than the standard lactose broth m detecting 
the true B coh, but not to the same extent as the MacConkey s bile salt lactose 

broth 
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Table VIII 


Reconstituted pom Table 7/7, dividing the soiiices into three types 



Number 

of 

samples 

Asierican standard 

LACTOSE BROTH 

Brilliant green 
BILE BROTH 


Source of samples 


Percentage of 

Number 

of 

cultures 

Percentage of 



Coll 

/Ero 

Inter 

Ooh 

Mro 

Inter 

1 Wells 

10 

1 

75 

37 3 


5 4 

80 


36 2 

51 

2 Untreated raw 
waters 

12 

106 

34 9 

47 1 I 

18 0 

93 

419 1 

53 7 

44 

3 Treated 
or/and chlori 
nated 

23 

( 

104 

55 S 

39 5 

4 7 

103 

52 4 

42 7 

49 


While the brilliant green bile broth was able to show a larger percentage of 
true B coll m untreated raw waters and m well waters, the standard lactose broth 
appeared to advantage in the case of tieated and chlorinated supplies A similar 
finding was reached in the previous comparison of the standard lactose broth w ith 
the MacConkey’s bile salt lactose broth The brilliant green bile broth does not, 
however, possess the feature of the MacConkey’s bile salt lactose broth that all the 
presumptive positives confirmed 


Table IX 


Showing the aveiage numhei of species of coli-eerogenes isolated 


Source of samples 

Numbed of 
samples 

Average number of species 

PRESENT IN 

American standard I 
lactose broth j 

Brilliant green bile 
broth 

A Wells 

B Rivers 

C Infiltration galleiies 
D Lakes etc 

B Piltered 

F Chlorinated 

10 

0 

9 

6 

0 

8 

3 5 

4 1 

22 

35 

O ^ 

36 

3 7 

50 

22 

23 

40 

26 

I'OTALS 

45 



A% ERAGES 


33 

34 
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Although 110 definite superiority of one medium over the other is manifest from 
the final total averages, brilliant green bile broth appeai-s to be slightly the better 
of the two if the individual variation m each group is considered 

SiPmmaiy and conclusions — Forty-five samples from different sources were 
studied using the standard lactose broth and the brilliant green bile broth for 
preliminary enrichment 

I The results of the presumptive positive tests were more or less identical in 
both media 

II Although the number of presumptive positives that confirmed was also 
practically the same in both media, the brilliant green bile broth showed on the 
whole a larger number of true B coli than the standard lactose broth The lattei 
showed, however, a slightly larger number of true B coli in treated and chlorinated 
supplies, while the brilliant green bile broth showed more true B coli than the 
standard lactose broth in untieated and well water-supplies 

III No definite superiority was established for either medium in the matter 
of the numbers of species isolated 

IV There is obviously no advantage gained by the use of brilliant green 
bile broth in preference to the standard lactose broth in the matter of presumptive 
positive tests and for confirmations, stopping short of furthei classification into 
coll, mrogenes and intei mediates 

5 Brilliant green bile broth and MacConkey’s bile salt 

LACTOSE BROTH COMPARED 

As already indicated in the preceding section, this comparison relates to the 
same set of 45 samples used in the previous comparison The media and technique 
employed were likewise the same as those already described — 


Table X 


Source of samples 

Number of 
samples 

SIacCoukvy's bdle salt 
lactose bkoth 

BunilAAST QKEEK BILE 
BEOTH 

Presumptive 

positives 


Presumptive 

positives 

Confirmed 

A WeUs 

10 

9 

9 

10 

9 

B Elvers 

6 

6 

6 

6 

6 

C Infiltration galleries 

9 

6 

6 

7 

5 

D Lakes, etc 

6 1 

6 

6 

6 

o 

E Filtered 

6 

5 

5 

1 4 

4 

F Chlorinated 

8 

i 5 

5 

5 


Totals 

45 

37 

37 (100%) 

38 

33 (80 8%) 
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Presumptive teU -'Thirty-seven or 82 2 per cent of the total number of samples 
on MacConkey’s bile salt laetose broth and 38 or 84 4 per cent on brilliant green 
bile broth gave positive findings in the presumptive test 

Confirmatory test — ^While all the 37 samples confirmed in the case of the 
MaeConkey’s bile salt lactose broth (100 per cent), 5 samples or 18 2 per cent of 
the 38 presumptive positives in the brilliant green bile broth failed to confirm 
These samples include a sample from a well, one from an untreated faw supply and 
three from treated waters The confirmations in biilliant green bile broth were 
90 per cent for well waters, 917 per cent for untreated raw waters, and only 81 6 
per cent for treated samples, while the MacConkey’s bile salt lactose broth gave 
100 per cent confirmations undei each of the thiee heads 


Table XI 

A comparison of the two media on the basis of the delicacy of reactions 


BRILIilANT GEFEN BtLF BROTH AS COMPAEED WITH 

MacConkey’s bike salt lactose beoth 


Source of samples 

Number 

of 

samples 

Was more delicate j 

Was equal to 

Was less delicate 


1 

24 hours 

48 hours | 

24 hours 

48 hours | 

24 hours 

48 hour® 

A Wells 1 

1 

1 1 

10 

1 

i 

6 

1 

8 

1 

3 

1 

2 

1 

B Rivers | 

1 

6 

1 

0 

O 

4 

3 

2 

C Infiltration 1 

galleries 

9 

5 

6 

O 

2 

2 

1 

D Lakes, etc 

6 

0 

1 

3 

3 

3 

2 

E Filtered | 

1 

6 

2 ! 

1 

1 

2 

3 

3 

F Chlorinated 

8 

1 

1 

1 

2 

3 

4 

4 

2 

Totals 

45 

1 10 

I 

15 

19 

1 

I 

18 

16 

12 

Percentages 

1 

1 

1 

22 ^ 

33 3 

42 2 

40 0 

36 6 

26 6 
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Table XI shows that the brilliant green bile broth revealed the presence of 
lactose-fermenters in smaller volumes of the inoculum after 24 hours’ incubation 
at 37°C in 22 2 per cent of the samples In 42 2 per cent of the cases, both media 
gave identical results, while in 35 6 per cent of cases, the MacConkey s bale salt 
lactose broth contained lactose fermenters m smaller volumes than the brilliant 
green bile broth At the end of 48 houis’ incubation, there was little or no change 
in the number under those giving ‘ identical results nhile there was an increase of 
50 per cent under ‘ more delicate ’ and a reduction of about 12 per cent under ‘ less 
delicate ’ It is generally conceded that the true JS coh tend to grow rapidly m 
broth cultures during the first 24 homs of incubation, after which the cerogtnes 
forms multiply and produce acid and gas The readings taken at the end of 48 
hours are, therefore, not qmte as significant of faecal pollution in water, as those 
taken at the end of 24 hours Kmgsbury (Zoc cii ) has definitely adopted the 
24 hours’ reading as being sufficiently accurate for the assay of potable waters m 
the Federated Malay States Our own experience with Madias wmters supports 
this view, although in practice we base our reports on the 48 hours’ readings The 
figures given in Table XI would, therefore, go to show that, on the basis of 24 hours’ 
readings, the MacConkey s bile salt lactose broth was more delicate than the 
brilliant green bile broth in 35 6 per cent of the samples tested On the basis of the 
48 hours’ reading also, it was superior to the brilliant green bile broth in 26 6 per 
cent of cases 

Table XII 


A comparison of the lactose fermenters on the basis of the methyl-red 

and indole tests 


1 

1 

Number 

SIacCoeket’s bile 
LACTOSE BROTH 

salt 

Bruliaet GBEEE' 
BILE BTOTH 


Source of samples 

of 

samples 

Number 

of 

cultures 

Coil 

i 

jSro 



1 Coh 

1 

1 ^ro 

: 1 

Infer 

-1 

A Wells 


1 90 

52 

32 

1 

6 1 

1 

i 80 

49 

29 

1 ^ 

1 

B Rivers 1 

6 

i 

1 35 

15 

5 

1 

1 53 

25 

23 

5 

C Infiltration 

galleries , 

9 

48 

1 25 

19 

i 

38 

[ 

11 

23 

4 

D Lakes etc 

e 

58 

30 

1 

21 i 

1 ^ 1 

T 

j 40 

12 

28 

0 

B Filtered 

6 1 

AS 

1 

31 ’ 

15 ! 

2 ’ 

38 1 

27 

1 

I ! 

4 

F Chlorinated 

i 

* ; 

36 

15 

19 

2 

27 

i 

j 

15 

11 

1 

Totals 

45 

335 

188 

121 

26 

1 1 

{ 276 

1 

119 ' 

i 

121 

1 16 

) 

Pescentages 



56 1 

36 1 ] 

i 

7 S 


70 4 

1 

43 S 

58 
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Table XIII 


A GomjMVSon of the lactose fermenteis on the basis of Kosei's citrate 

and indole tests 


Source of samples 

Kumber 

of 

samples 

MacCoeket’s bile salt 

LACTOSE BROTH 

BeILLIAM GREER 

BILE BEOTH 

Number 

of 

cultures 

Colt 

^TO 

Inter 

Number 

of 

cultures 

Coh 

iBro 

Inter 

A Wells 

10 

00 

51 

36 

3 

80 

47 

20 

4 

B Rivers 

6 

55 

35 

19 

i 1 

1 1 

53 

1 

27 

1 

22 

4 

1 

C Infiltration 

9 

18 

24 

20 

4 

38 

12 

23 

3 

galleries 









• 

D Lakes, etc 

6 

oS 

30 

27 

1 

40 

12 , 

I 

28 

0 

E Filtered 

6 

48 ! 

30 

16 

2 

38 

27 

10 

1 

F Chlorinated 

8 

36 

15 

21 

0 

27 

15 

11 

l 

Tot Its 

45 

335 

185 

139 

11 

276 

140 

223 

13 

Peecestages 



55 2 

415 

33 


50 7 

416 

47 


Tables XII and XIII may be considered togelber 

Table XII 56 1 per cent of tbe lactose-fermenting colifoim bacteria in 
MacConkey’s bile salt lactose brotb and 50 4 per cent of those in the brilliant 
green bile brotb belonged to tbe true B coh type Brilliant green bile brotb 
showed a distinctly bigber proportion of <erogenes types than tbe MacConkey’s 
bile salt lactose brotb Tbe number of true B coh from untreated raw water- 
supplies was considerably bigber in tbe MacConkey ^ bile salt lactose brotb than 
in tbe brilliant green bile brotb, 57 5 per cent and 39 8 per cent respectively 
Tbe corresponding figures for veil waters were, however, 61 2 per cent for 
brilliant green bile biotb and 57 8 per cent for MacConkey’s bile salt lactose 
biotb lespectively, while for treated waters, the figures We 51 5 and 5“^ 8 
respectively Tbe general superiority of tbe MarConkev’s bile salt lactose bro'tb 
over tbe brilliant green bile brotb is again manifest 
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Table XI 11 While the percentage confirmations for true B coli have remained 
practically the same as in Table XII, man}’’ of the miamcdiaie forms have been 
assigned to one or other of the Wo groups coh or cciogcnes by this classification 


Table XIV 

Sliovnng the aveiage numhct of species of coli-aerogenes isolated 


Source of samples 

I Average number of species present 

j IN 

MacConkey’s bile salt 
lactose broth 

Brilliant green 
bile broth 

A ’Wells 

70 

3 7 

B Rivers 

66 

6 0 

C- Infiltration galleries 

1 

37 

22 

D Lakes, etc 

60 

23 

E Filtered 

1 60 

40 

F Chlorinated 

44 

26 

AvnEAGES 

67 

34 


The comparison m Table XIV is very instructive The technique of isolation 
and the confirmatory procedure followed in each case were identical The number 
of species of lactose-fermenting organisms of the cohn-aiogcnes group, from each 
source, was much higher in the MacConkey’s bile salt lactose broth cultures than in 
the brilliant green bile broth cultures We were able to demonstrate the presence 
of about 16 per cent more species in the samples cultured m MacConkey s bile salt 
lactose broth than in the brilliant green bile broth It has already been proved that 
the true B coll isolations were more numerous in the former test It appears, 
therefore, reasonable to conclude that the MacConke} ’s bile salt lactose broth with 
a single inhibitory agent is definitely more selective in its action for the cohn- 
cerogenes group in general and for the true B coh type in particular, than the brilli- 
ant green bile broth, which contains two inhibiting agents The greater sensitivity 
of the MacConkey’s bile salt lactose broth over the other media is thus 
established 
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Summary and conclusions — A comparison of tlie 'biilliant green bile broth witb 
MacConkey’s bile salt lactose broth was made in the analysis of 45 samples from 
difierent sources 

I The results of the presumptive positive tests with the two media were 
nearly identical 

II MacOonkey’s bile salt lactose broth was more sensitive and more delicate 

than the brilliant green bile broth in detecting lactose fermenters in smaller 
volumes of the inoculum , 

III The confirmations for true B coli were more numerous in the 
MacConkey’s bile salt lactose broth than m the brilliant green bile broth 

IV The average number of species of the coh-cei ogenes group detected in 
each sample by using MacConkey’s bile salt lactose broth for preliminary enrich- 
ment was 5 7 as compared with only 3 4 for the brilliant green bile broth 

V MacConkey’s bile salt lactose broth has, therefore, a greater selective 
action and is more semitive in detecting B coh in water than the brilliant 
green bile broth 


6 The American standard lactose broth compared with Salle’s 

crystal-violet broth 


Salle (1930) outlined a complete system for the bacteriological examination 
of water, in which he adopted crystal-violet as the agent for suppressing spurious 
lactose fermenters He showed that more crystal-violet could be used than 
brilliant gyeen, without exerting any more toxic action on B coh, and that a better 
chance, therefore, existed wath crystal- violet for the suppression of the Gram- 
positive organisms which caused the spurious reactions, than when brilliant green 
was used Accordihgly he devised and perfected a medium which has since been 
included in the bst of the non-standard media given in the latest edition of 
the American Standard Methods {loc cit ) 

By using this medium, Salle maintaiiled that the production of acid and gas in 
practically 100 per cent of the samples examined was due to members of the 
colon-cerogenes group, and that more clear-cut results were obtained owing to the 
elimination of interfering non-colon organisms Stark and England [loc cit ), 
however, disagreed with Salle’s findings They carried out 340 tests on this 
medium using 164 cultures of B coh and 7 of B cerogcnes isolated from the faices 
of 19 healthy individuals Samples of sterile water were also artificially infected 
with 48 hours broth cultures of these organisms, in amounts approximating 
the numbers that would be present in contaminated waters Of 164 cultures 
tlius tested, 164 or 93 9 per cent failed to produce 10 per cent gas in 24 hours 
in the crystal-violet broth Seventy or 42 7 per cent similarly faded in 48 hours 
After five days, however, all of them produced gas, showing that the inoculated 
organisms were not all lolled but only inhibited by the dye They therefore 
concluded that this medium should not be adopted as a standard test medium in 
routine water analysis 


The above findings were based on tlie results of 
from human faeces and snb-cultured in the laboratory 


tests with cultures isolated 
The samples of artificially 
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infected water would, of course, be at best a near approach to contaminated waters 
found m nature Again, Stark and England relied on the production of 10 per cent 
ps for a positive test The rigid application of this arbitrary criterion is fast 
losing ground and the American Public Health Association is now considering the 
question of relaxing this rule For, oiganisms of the colon-cerogenes group have 
frequently been isolated from fermentation tubes showing very much less than 
10 per cent of gas This has also been our experience We, therefore, decided 
to test the value of Salle’s cr)’’stal-violet broth on a few samples of vater, using as 
controls (i) the American standard lactose broth and {ii) MacConkey’s bile salt 
lactose broth {vide Section 7) 

The media and technique adopted by us were in accordance with those 
detailed by Salle for the crystal- violet broth and vith those outlined in the 
American Standaid Methods [loc cii ) for the standard lactose broth Forty 
samples from different sources, arriving at the laboiatory in the usual course 
(packed in ice), were thus tested No conscious selection of samples 
was made 


Table XV 


Source of samples 

Number of 

Salle’s crystal violet 

BROTH 

1 American standarp 

LACTOSE BROTH 

samples 

Presumptive 

positives 

Confirmed 

Presumptive 
positn cs 

Confirmed 

A 

Wells 

1 

6 

4 

4 

5 

4 

B 

Rivers 

7 

7 

7 

7 

7 

C 

Infiltration galleries 

8 

7 

4 

7 

6 

D 

Laltes, etc 

1 8 

6 

4 

5 

6.1 

E 

Filtered 

0 

3 

2 

6 

? 

F 

Chlorinated 

5 

1 

1 

O 

u 

1 

Totals 

40 

27 

22 (81 5%) 

31 

26 (83 9%) 


It will be seen (Table XV) that 27 or 67 5 per cent of the samples in Salle’s 
crystal-viofet broth and 31 or 77 5 per cent of those in standard lactose broth 
yielded presumptive positive results But only 22 or 81 5 per cent of the 
total number of such positives in the former and 26 or 83 9 per cent of the 
presumptive positives in the latter confirmed for coh-cerogenes There is thus 
noadvantagegainedby the use of Salle’s crystal-violet broth in preference to the 
standard lactose broth, for preliminary enrichment 
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Table XYI 


A compu.)ison of the lacto‘ie fermentns isolated fiom the hvo media on the 
basis of the Kosei’s citiate and indole tests 


Source of samples 

Number 

of 

samples 

Salle’s cklstal violet 

BEOTH 

t Ameeican standaed 

LACTOSE BEOTH 

( 

Number j 
1 cultures j 

i 1 

Coll 

1 

jEro 

1 

j 

! 

Infer 

1 

1 Number 
of 

j cultures 

1 

1 

Cob 

^ro 

! 

Infer 

A 

■Wells 1 

6 1 

23 1 

1 

: 11 

6 

6 

23 

16 

5 

2 

B 

liners i 

7 

41 , 

22 

17 

2 

36 

24 

11 

1 

C 

Infiltration 1 

8 

24 1 

17 

■■ 

0 

29 

14 

11 

4 


galleries 


1 








D 

Lakes, etc 

8 

22 1 

8 


4 

28 

14 

11 i 

3 

E 

Filtered 

6 

12 



0 

18 

12 

6 

0 

F 

Chlorinated 

6 

5 


M 

2 

5 

1 

2 

3 

0 

Totvls 

40 

127 

1 

1 

b7 

i 

46 

14 

1 

139 


47 

10 

Peuceniaoes 


i 

1 

52 8 

1 


no 




a 


It will be observed from Table XVI that while the true B coh confiimation 
from the standard lactose broth cultures was 59 0 per cent of the total number of 
lactose fermenteis isolated, only 52 9 per cent of those from Salle’s crystal-violet 
broth belonged to the true B coh type The latter medium v ould, how ever, 
appeal to stimulate the growth of the true B coh forms m treated wateis to a 
greater extent than the standard lactose broth, as shown by Table XVII — 


Table XVII 

Showing the j^eicentage of tiue B coh conjhmations in the Ino media, 
from the tin ee types of waiei s 


Type of source 

PeeCENTAGE op XE0E B coh 

ISOLATED FEOM 

Salle’s crystal violet 
broth 

Americau standard 
i lacto’-e broth 

1 tVells 

48 0 

69 9 

2 Untreated ran naters 

47 6 

4 

3 Treated supplies (filtered 
or/and chlorinated) 

64 0 

o3 9 
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But tins apparent advantage in favour of the Salle’s crystal-violet broth cannot 
give it any claim for superiority, as in the routine confirmations for the coh-cerogenes 
group from the presumptive positive tests on samples of treated water, the standard 
lactose broth showed 71 per cent positive against 63 per cent for the Salle’s crystal- 
violet broth 

Summary and conclusions — Parallel tests on 40 samples of water from different 
sources were carried out using Salle’s crystal- violet broth and the standard lactose 
broth 

I The standard lactose broth gave a greater number of positive presumptives 
and a slightly higher percentage of confirmations than Salle’s crystal-violet 
broth 

IT Salle’s crystal-violet broth revealed the presence of fewer true B coh 
in the completed confirmations, on raw and well waters, and of a comparative!} 
larger number of these organisms in the case of treated waters than the standard 
lactose broth 

III Salle’s crystal-violet broth cannot be considered to be a suitable 
preliminary enrichment medium in routine practice for all types of water 


7 Salle’s crystal-violet broth and MacConkey’s bile salt 

LACTOSE BROTH COMPARED 

We have examined 54 samples of watei from different sources, using the two 
broths mentioned above No conscious selection of the samples was made 
(Table XVIII) — 


Table XVIII 


Source of samples 

Number of 
samples 

1 

Salle’s cbystal-yiolet 
BROTH 

MacOol-kev’s 

LACTOSE 

; BILE SALT 
BROTH 

Presumptive 

positives 

Confirmed 

Presumptive 

positives 

Confirmed 

A 

Wells 

12 

7 

7 

7 

7 

B 

Rivers 

7 

1 

7 

7 

7 

7 

C 

Infiltration galleries 

9 

7 

5 

6 

6 

D 

Lakes, etc 

11 

8 

7 

8 

8 

E 

Filtered 

0 

6 

5 

0 

6 

F 

Chlorinated 

6 

1 

1 

1 

1 

Totals 

54 

36 

32 (88 8%) 

35 

35 (100%) 
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The presumptive positive findings for the two senes are more or less similar 
The perc'entage of confirmations, however, was only 88 8 in Salle’s crystal-violet 
broth as compared with 100 m the MacConkey’s bile salt lactose broth Salle s 
crystal- violet broth yielded 100 per cent confirmation in the case of well w^aters, 
93 3 per cent in the case of untreated raw waters and only 78 6 per cent for treated 
supplies, whereas all the presumptive positive samples from each source in 
MacConkey’s bile salt lactose broth confirmed for the presence of coh-^rogenes 


Table XIX 




Salle’s cmbtal-violet bboth as compaeed with 
ilAOCONKEV’S BILE SALT LACTOSE BBOTH 

Source of samples 

Number 

of 

samples 

Was more delicate 

Was equal to 

' Was less delicate 

1 

< 

24 hours 

j 

48 hours 

24 hours 

48 hours 

24 hours 

48 hours 

A Wells 

12 

1 

2 

8 

8 

3 

2 

B Rivers 

7 

0 

0 

4 

6 

i 

i ‘ ' 

1 

C Infiltration 
galleries 

9 

1 

3 

4 

2 

i 

4 

1 

4 

D Lakes, etc 

11 

1 

4 

6 

6 

i 

5 

1 

E Filtered 

9 

1 

4 

6 

4 

2 

1 

F Cblonnated 

6 

0 

0 

6 

6 

0 

0 

Totals 

74 

4 

13 

’ 33 

32 

! 

17 

9 

Pfecentages 


74 

241 

i 

61 1 

1 

60 0 

31 5 

16 8 


It will be seen from Table XIX that, at the end of 24 hours, Salle’s crystal- 
violet broth was more delicate in only 7 4 per cent of the samples, and less delicate 
in 31 5 per cent of the samples than the MacConkey’s bile salt lactose broth In 
the remaining 61 1 per cent of samples both media gave identical results The 
readings taken at the end of 48 hours w^ere almost the same under ‘ equal ’ 
w'hilethe ‘ more delicates ’ increased from 7 4 to 24 1 per cent— this was^due 
as will be shown later, to the higher proportion of cerogenes isolated from 
balle s crystal-violet broth— and the ‘ less delicates ’ decreased by about 50 ner 
number of positive presumptive tubes was obtained from 
the MacConkey senes than from the Salle senes As confirmations are marip 
only from the 24-hour broth cultures the advantage definitely lies with the 
MacConkey s bile salt lactose broth, ! 

3 , MR 


6 
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Table XX 


A comparison of the lactose fermenters on the basis of the methyl-red 

and indole tests 


1 

1 

Source of samples 

Number 

of 

samples I 

Salle’s CEVSTiL violet 

BBOTH 

JIacConkey’s bile salt 

LACTOSE BBOTH 

Number 

of 

cultures 

Goli 

.Ero 

Inter 

Number 

of 

cultures 

Coll 

^ro 

Inter 

A 

Wells 

12 

42 

21 

12 

9 

42 

36 

5 

1 

B 

Rivers '' r 

7 

41 

21 

18 

2 

39 

24 

8 

7 

C 

Infiltration 

9 

29 

17 

12 

0 ' 

33 

20 

12 

1 


ftallerips ; 





1 





D 

Lakes, etc 

11 

40 

18 

13 

9 

46 

33 


6 

E 

Filtered 

9 

30 

15 

11 

4 

29 



1 

F 

Chlonuated j 

1 

6 

6 ’ 

1 


3 

0 

6 

1 

1 ^ 



Totals | 

64 

187 

94 

69 I 

I 

24 

1 

IQ5 

129 

1 

60 

1 

16 

Pebcentaoes 

HI 

HI 



12 9 

Hi 



82 


Table XXI 


A comparison of the lactose fermenters on the basis of Kosei’s citiate 

and indole tests 



Number 

Salle’s 

i 

1 

: OEYSTAL VIOLET , 

BBOTH I 

1 

MacCohkey’s bile salt 

LACTOSE BBOTH 

Source of samples 

1 of 

' samples | 

Number 

of 

cultures 



1 

Inter ^ 

1 

Number 

of 

cultures 

Colt 

^ro i 

Inter 

A Wells 

B Rivers 

0 Infiltration 
galleries 

J) Lakes, etc 

E Filtered 

F Chlorinated 


42 

41 

29 

40 

30 

6 

i 

19 ; 

20 i 

17 

1 

18 

15 

2 i 

1 

21 

19 

11 

16 

14 

3 

2 i 
2 

1 

? ! 
0 ! 

42 

39 

33 

46 

29 

6 1 

36 

24 

20 

26 

10 

6 

1 

0 

3 

2 

3 

0 

0 

Totals . 

64 

187 

91 

84 

12 

196 

122 , 

i 

65 

8 

Peboentaoes 


i 

487 

449 

64 

■1 


H 

41 
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Considering Tables XX and XXI together, it will be seen that the trae^ coh 
m MacConkey’s^bile salt lactose broth wei^e more numerous than in Salle s crystal 

Table XX 66 2 per cent of the total number of coh-cBrogenes isolated from 
the MacConkey’s bile salt lactose broth and only 50 2 per cent of those from 
Salle’s crystal-violet broth were true B coh , , . i 

Table XXI 62 6 per cent from MacGonkey’s bile salt lactose broth and only 
48 7 per cent from Salle’s crystal-violet broth were tiueB col^ by this scheme of 
classbication The figures for B cerogenes show a difieience without, however, any^ 
appreciable alteration in the relative proportions The increase under wrogmes 
noticed in this table is due to a re-assignment of the ^l^^ermec^^a^es of the 
previous table into either coh or (srogenes by the adoption of the citrate and 
indole tests as the basis of classification 


Table XXII. 

Showing the percentage of confirmations for true B coli in the two 
media, dividing the source of samples into three types 


1 

Type of sonroe 

Pbboeotage op tbttb B coh 

ISOLATED mOM 

Salle’s crystal violet 
broth 

1 

MaoConkey’s bde salt 
lactose broth 

1 Wells 

45 2 

85 7 

2 Untreated raw waterB 

47 0 

68 7 

3 Treated waters (filtered 
or/and chlorinated supplies) 

mo 

i 

1 

63 0 


Salle’s crystal-violet broth was as selective and sensitive as the MacConkey s 
bile salt lactose broth in detecting true B coh, in treated supplies It was, however, 
inferior to MacConkey’s bile salt lactose broth in the case of wells and to a lessei 
extent in the case of untreated raw waters The selective action noticed in this 
comparison for Salle’s crystal-violet broth — for treated waters — ^was also demons- 
trated in the previous comparison with the standard lactose broth But the fact 
that a confirmation of only 78 6 per cent of the presumptive positive tests was 
obtained with this medifim for the treated supplies, as compared with 100 per cent 
confirmation in MacConkey’s bile salt lactose broth, would appear to detract con- 
siderably from the value of Salle’s crystal-violet broth as a suitable enrichment 
medium for routine use in water analysis 

Sxmmanj and conclusions — ^Parallel tests on fifty-four samples of water from 
different sources have been carried out using Salle’s crystal-violet broth and 
MacConkey’s bile salt lactose broth respectively as the preliminary enrichment 
and selective media 
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Compaxison indicates tliat . — 

I Salle’s crystal-violet brotli gave almost similar results to MacConkey’s 

bile salt lactose broth in the presumptive positive tests , but the coufirmations 
for the colon-OB'i ogenes group of organisms were 88 8 per cent and 100 per cent 
respectively ‘ 

II Salle’s crystal- violet broth gave fewer tiue B coli in the completed testo 
than the other medium in the case of raw and well waters, and the same number 
of these organisms as MacConkey’s bile salt lactose broth, in the case of treated 
waters But this last-named advantage is largely discounted by the fact that the 
percentage of presumptive positive tests on treated waters that confirmed for 
Golon-w) ogenes was only 78 6 per cent as compared v ith 100 per cent for MacConkey’s 
bile salt lactose broth 

III Salle’s crystal- violet broth cannot, therefore, be considered a suitable 
prelimmary enrichment or selective medium for routine use on all types of vater 
MacConkey’s bile salt lactose broth, on the other hand, effectively inhibits spurious 
lactose fermenters, stimulates the growth of the colon-cerogenes group in all types of 
waters, and offers the required optimum conditions for the growth and easy detection 
of the B coll types of organisms present in the water under test, from whatever 
source derived 

8 Dominick -Lautee’s methylene -blue beom-ceesol-pueple beoth 
AND MacConkey’s bile salt lactose beoth compaeed 

The results of the above comparison have been published in a pr-evious paper 
(Raghavachari and Seetharama Iyer, loc cit ) Only the conclusions reached 
will, therefore, be given here with such further observations as may be needed 
for comparative purposes 

‘ Parallel tests on 72 samples of water from different sources have been carried 
out, using MacConkey’s Inle salt lactose broth and Dominick-Lauter’s methylene- 
blue brom-cresol-purple broth respectively, as the enrichment and selective media 
Comparison indicates that the MacConkey’s bile salt lactose broth test is more 
sensitive and more reliable ’ 

Thus, while 98 3 per cent of the presumptive positives in MacConkey’s bile 
salt lactose broth confirmed for colon-cerogenes group, only 93 1 per cent confiimed 
from the Domimck-Lauter broth This latter medium yielded three presumptive 
positives all of which confirmed, in a total of seven chlormated samples examined, 
while the MacConkey’s bile salt lactose broth showed only one presumptive positive, 
which also confirmed To this extent then, the Dominick-Lauter broth would 
appear to be slightly superior to the MacConkey’s bile salt lactose broth, vi7 , in 
the testing of chlorinated supplies But it should be stated that the percentage of 
true B coll isolated from the chlorinated samples on the new medium was only 
61 0 per cent while 100 per cent of those from the MacConkey’s bile salt lactose 
broth were true B coli 

‘ Both as a selective medium for the presumptive test for coli and as an 
enrichment medium to be followed up by sub-culture for the study of discrete 
colomesand classification mto coli, cewgenes and intermediates, MacConkey s 
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bile salt lactose broth (1 5 per cent bile salt) retains its position as the most 
satisfactory medium in water bacteriology ’ 

Dominick and Lauter would not, however, accept the position allotted by ns 
to the MacConkey’s bile salt lactose broth, and so asked for a supply of our bile salt 
for carrying out a series of comparative tests Their request was complied with, 
but we have not been furnished with their results as yef*' 


9 The Eijhman’s eeementation test at 46°C. compabed with 

EESULTS IN hlACCONKEY’S BILE SALT LACTOSE BROTH 

A brief review of the literature will be given together with the conclusions 
arrived at in the companions made at this Institute by Webster and Eaghavachaii 
{loo cit ), and latei by Webster (he cit ) 

Eijkman (loc cit ) produced evidence that in Holland very puie waters shoved 
no organisms capable of fermenting dextrose at 16°C even when quantities of 3G0 
c c were tested On the other hand, with heavily polluted waters this test was 
positive in much smaller quantities A number of investigators have since studied 
Bqkman s methods Huss (loc cit ) stated that the Eqkman test often failed in 
the case of waters containing nitrates, as these offered protection to the glucose in 
the medium from that form of attack by B coh, which results in the production of 
gas, but not at all from that which results in acad formation fiom glucose He 
advobated buffenng of the water samples under test with one per cent K 2 HPO 4 m 
order to ensure positive results Leiter (loc cit ) reported very favourably on the 
test and considered it to be specific for pollution from waim-blooddd ammals 
Perry (loc cit ) found the test very satisfactory in the routine analysis of water 
and of oysters Smit (1928) showed that this test gave a most reliable mdex of the 
age of the infection with B coh, and therefore preferred this index to the usual 
one of B coh numbers obtained by the use of other enrichment media Brow'n and 
Skinner (loc cit ) reported that the test w'as not uniformly reliable and satisfactory 
Ruchhoft et al (loc cit ) came to a similar conclusion De Magbalhses (loc cit ) 
produced evidence to show that the test was useful in differentiating B coh from 
warm and cold-blooded animals The former fermented glucose broth at 46°C , 
while the latter did not Taylor and Goyle (loc cit), working with Rangoon 
waters, were favourably impressed the significance of this test Kingsbury 
(loc cit ) considered the test to be of but limited value Webster and 
Eaghavachari (loc cit ) found the test unreliable for Madras waters Martin 
(loc cit ) studied over 2,000 samples of untreated waters in the Federated 
Mala}- States, using the Eijkman test and the standard MacConkey’s test 
simultaneously, and reported that the results of both the tests were very 
similar 

AVilhams et ffl (loc ci/: ) reported very favourable results by using a modification 
of Eijkman’s medium, in wFich a lesser amount of carbohydrate was used All 
true B coh were found to survive in this medium Webstei (loc cit ) carried out a 
senes of comparative experiments using MacConkey’s bile salt lactose broth at 


* We lia\e since received a brief note from Lauter stating that the results of a few narnllfil 
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37°C MacConkey’e bile salt lactose brotli at 46°C , and Williams’ modification of 

results with MacConkey’s bile salt lactose brofcli 
at 46 0 were very irregular Williams’ modified brotli at 46°C was found to be 
much less sensitive for the presumptive test than the MacConkey’s bile salt lactose 
broth ^ 37 C Although it largely eliminated B cetogenes and the %niermcdmtes, 
yet It frequently failed to demonstrate true B coh De Graaf (loc cit ) showed 
that the brand of peptone used in making the Eijkman broth had a profound 
influence on the reshlts obtained, and that streptococci flourished more readily in 
^at brand of peptone which inhibited the B coh by producing more acid 
Perry and ira 3 na (loc cit ) stressed the value and importance of the Eijkman’s 
test in routine water analysis and advocated the use of a buffered broth with only 
0 3 per cent of glucose 


10 Discussion 

We have attempted, m the precedmg sections, to present a concise nv mm nry 
of the hteratuie on the subject of differential media used in water analysis as well 
as a detailed review of the results of our own comparative study of the different 
media 

It IS evident that the MacConkey’s bile salt lactose broth (using the commercial 
sodium taurocholate in 1 5 per cent concentration) has not been given a fair tilal 
by American water bacteriologists and by others outside America, who follow the 
American Standard Methods When it came to be realized that the American 
standard lactose broth did not function satisfactorily, various other liquid media 
containing dyes were advocated for preliminary enrichment and for sub-cultural 
purposes Bile has also received attention from some of the leading workers, but 
in the majority of cases either whole fresh bile or dried ox-bile alone has been 
experimented with In the few cases where bile salts have been tried, concentra- 
tions of a pure salt higher than 1 5 per cent have invariably been used We are 
unable to gather from the literature the reason why the ordinary commercial 
bile salt has not found more general application Thiesh et al (loc cit ) have 
suggested that the reason why bile salt lactose broth has not been adopted m 
American practice is the fact that nearly aU the water-supplies in America are 
derived fiom more highly contaminated sources than the sources of water- 
supply in England This reasoning would appear to suggest that the 
MacConkey’s bile salt lactose broth would work well, o?ily in the case of 
relatively pure waters MacConkey’s bile salt lactose broth, using commercial 
bile salt, has been used extensively and with uniform success m all the 
tropical possessions of the British Empire The water-supplies in most of 
these countries are similar to those of tropical and sub-tropical America, and 
the nature and extent of pollution in some of the less civilized countries compristed 
in the British Empire may be extremely bad We, therefore, remain uncon- 
vinced by the reason suggested by Thresh et al (loc cit ) 

The MacConkey’s bile salt lactose bioth, we have used in our work, has 
conformed always to the formula adopted by Clemesha (loc cit ) in his classical 
research on tropical water bacteriology The British Ministry of Health (1 934) 
has recently issued a report (No 71) on the Bacteriological Examination of Water- 
supplies This memorandum is to be ‘ regarded, as suggesting standards for a 
routine in water examinations, thus contributing to a greater degree of unanimity 
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of opinion on tlie hygienic quality of any of the diverse water-supplies that 
may be submitted to the test ’ We have noted that, in the above report, 
the MacConkey’s bile salt lactose broth described at pag^e 31 includes 1 per 
cent sodium chloride for the double strength broth This addition will 
apparently become the routine in British practice It is not, however, in 
accord with the formula given by MacConkey (1905), Clemesha {loc cit ), 
Levine and Schcenlein (1930), Stocks and Carey (1932) or Thresh et al (loc c%t ) 
We have not up to the present added sodium chloride to our MacConkey's 
bile salt lactose broth, or MacConke)'’’s bile salt lactose agar So far as 
we are able to ascertain, direct experiments do not appear to have been 
carried out by the Comniittee responsible for the report issued by the British 
Mimstry of Health {loc cii ), to see if the addition of the salt would render the 
medium less suitable for the estimation of the coliform bacteria in water 
MacConkey ’s bile salt lactose broth and agar, with the sodium chloride added, are 
reported to have been in use both in London and at Manchester and to have given 
excellent results The addition of sodium chloride to MacConkey ’s bile salt lactose 
broth and agar would appear to have been the result of a ‘ desire on the pait of the 
Committee to bring these media into line with the others and to standardize the 
same ’ (Wilson, 1935) 

Two to ten thousand samples of water have been examined every year in the 
Pubhc Health Section of the King Institute of Preventive Medicine since 1908 
These have included a wide variety of types, at all seasons of the year Most of the 
sources have been sampled regularly at least twice a yeai Experimental filter 
installations under the direct laboratory control of the Institute have been sampled 
regularly and from ten to twentv such samples are included daily in the total number 
Thus, nearly 60 per cent of the samples tested ha\e been derived from sources 
that were constantly under our supervision and control We have thus had 
exceptional opportunities of following from day to day the various stages of 
purification reached in the different types of filters experimented with, and 
incidentally of proving the excellence of the MacConkey’s bile salt lactose broth, 
which accurately revealed the quality of the water in these various stages We 
were enabled from the results obtained to ariive at a correct judgment of the 
performance of each type of filter under test durmg the entire period of its run 
We may therefore, claun with confidence that our media are fully standardized 
and have always yielded uniformly good results 

During the long period of over a quarter of a century that the MacConkey’s 
bile salt lactose broth and agar have been in use in this laboratory, there have 
been very few occasions when the quality of the water as determined by 
our routine tests, failed to correlate with the sanitary quality expected from 

a knowledge of the source concerned Spurious lactose fermenters have never 
troubled us 


Different brands and different supplies of the various ingredients comprised 
m the media have necessarily had to be used dming these twenty-seven years 
iiie concentrations of ingredients alone have remained the same throughout 
Bile salt (the commercial sodium taurocholate) has been used in a concentration of 
1 1 per cent in making the stock broth-‘ A ’ solution referred to in Table I After 
dilution with varying volumes of water as set forth in that table, the final concentra- 
tion of the bile salt in the cultures would be 0 3 per cent to 0 4 per cent This is m 
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accord witli the optimum concentrations which were found by Salter {he at ) to 
give good results The pH of our liquid medium has always been between 7 4 and 
7 8 We have used neutral red as our indicator Sterilization of the liquid medium 
IS effected by the discontinuous method, viz , steaming in an Arnold sterilizer for 
three consecutive days 

The standard lactose broth of the American Standard Methods {he cit ) contains 
no inhibitoiy agent and has a pH value of from 6 1 to 6 4 The limitations to its 
use have already been given at length The brilliant gieen bile broth advocated 
for parallel plantmg contams two inhibiting agents and the percentage of bile errs, 
to OUT minds, on the side of excess From the resqlts of our comparative experi- 
ments recorded in this paper, it would appear that brilliant green bile broth as a 
preliminary enrichment medium unduly lestrams a fair proportion of the coliform 
organisms, which are revealed by the use of MacConkey’s bile salt lactose broth, 
containing a single inhibitory agent, viz , bile salt (1 5 per cent) Either the higher 
concentration of the bile, or the addition of the dye or possibly a combination of 
both, would therefore appear to be responsible for the lower percentage of confirma- 
tions and for the fewer number of true B coh — also the fewer number of species 
of coh-cei ogenes — amongst the lactose fermenters isolated from the brilliant green 
bile broth, as compared with the MacConkey’s bile salt lactose broth In any case, 
when the commercial bile salt alone in a concentration of 1 5 per cent gives excellent 
results on all counts, the necessity for a combination of two inhibiting agents to 
achieve the same end is not manifest Again, when the MacOonkey’s bile salt 
lactose broth would serve as a suitable preliminary enrichment medium, requiring 
no subsequent confirmation of the presumptive positive tubes, the proposed parallel 
planting on standard lactose broth and brilliant green bile btoth appears to be an 
avoidable vaste of time, media and energy 

Salle’s crystal-violet broth, involving the use of a single inhibiting agent— a 
dye of the para-rosaniline senes — has not functioned well in our hands and is found 
to be definitely much inferior to MacConkey’s bile salt lactose broth for general 
routine work It is perhaps also sbghtly inferior to the standard lactose broth as 
judged by the results of our comparative tests If the success of this medium in 
routine work depends on the quality or brand of the dye used, that factor alone 
would constitute a serious limitation to its universal adoption This argument 
applies to the Domimck-Lauter broth and in fact to ever) other liquid medium in 
which dyes are used for inhibition purposes 

The use of chemicals, such as phenol, boric acid, telluric acid, etc , has also 
been advocated but does not appear to have found many adherents 

In the light of what has been stated above, we are left with but a single selective 
enrichment medium, MacConkey’s bile salt lactose broth, which has stood the test 
of time and experience all over the British Empire Different workers scattered 
over the whole world, in tropmal, sub-tropical and temperate climates, have reported 
uniformly excellent results with this medium, not only in research but also in dail} 
routine work The results following the use of this medium in water analysis have 
correlated well with the samtary survey of the supphes concerned in the vast 
majority of cases 

- In tropical water analysis laboratories, MacConkev’s bile salt lactose broth 
has been used with uniformly excellent results in assessing the sanitary quality of 
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water-supplies, it has served well to distinguish between recent and lemole 
pollution 

Before proceeding to offer a few suggestions, we consider rt proper to give a 
short account of the general plan of a co-operative study on different media that 
has been initiated by the American Public Health Association (1935) during the 
past few months A full account of this plan 'is to be found on pp 134—137 of the 
Year Book for 1934-35 issued by the said Association as a supplement to then 
official organ, the Amencan Journal of Public Health, 25 2, 1936 A dozen 

laboratories in the United States and in Canada have already agreed to co-opeiate 
and more are expected to ]oin in the study The methods that will be used are 
those described by Butterfield for the evaluation of media Essentially, this 
procedure consists in adding various dilutions of a standardized suspension of 
organisms of the coli-ceidgene’i group to a senes of tubes of each of the different 
media and determining the gas production Definite directions have been issued 
by the Committee and the media, which are standardized Difco pr-oductfe, have 
also been distributed The following media will be thus studied (i) Standard 
lactose broth, {ii) Buffered lactose broth, {iii) Stark’s formate ricinoleate broth, 
(iv) Brilliant green bile broth, (v) Salle's crystal-violet broth, (wi-) Ritter’s fuchsin 
broth, and {vii) Domimck-L'auter broth The media giving the best results on the 
basis of the above tests with pure cultures will be subsequently tested for their 
practical value in water analysis The Committee responsilile for organizing 
the above co-operative study invite constructive criticism fiom the members of the 
Association 

It will be seen that MacConkey’s bile salt lactose broth is not included m this 
comparative study We, therefore suggest that the Committee should include 
this medium also in their list All the eight media would then be subjected not 
only to a comparison on the Butterfield method, but also to a simultaneous 
comparison on the routine water analysis jirocedure A co-operative study such 
as the one planned need not be confined to the members of the Association but 
bacteriologists all over the vorld, members or not, who are engaged in water analysis 
might be invited to take part m the study and in the final discussion and interpreta- 
tion of results We believe that an accurate standardization of methods suitable 
for use in all climates -would then alone be possible 

We feel that the time is now more than ripe for a revision of the standard 
procedures with a view to obtaining simplification and uniformity The presump- 
tive test that will be ultimately selected should be simple and yet sufficiently 
accurate for all practical purposes, wffien earned out by difierent observers and 
with different waters 


General summary and conclusions 

A study of the available literature on the various media and technique used in 
the bacteriological analysis of water reveals the fact that there has been no 
uniformity on the subject amongst the various workers engaged in this field of 
bacteriology There has also been a considerable amount of diversity in thought 
and procedure The results of one worker are not comparable with those of 
another in a different country There has been, so far, no real co-ordinated attempt 
at instituting a comparison of the different media with one anothet and, with what 
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IS considerea the routine medium by each worker, on a given set of water samples 
A study recently inaugurated by the American Public Health Association on such a 
co-operative basis has unfortunately omitted to include MacConkey’s bile salt 
lactose broth in the comparison proposed The Committee, however, feel that 
the insistence hitherto placed by them on the pioduction of ten per cent gate in the 
broth tubes for a positive reaction is needless and petehaps also unjust for deter- 
mining the presence of organisms of the coh-cBrogenes group 

Our present study of the different media started early in 1933 would, therefore, 
appear to have Supplied the omission referred to above We have used MacConkey’s 
bile salt lactose broth at this Institute since 1908 with uniformly excellent results 
and spurious positives have never troubled us We have had an almost uniform 
100 per cent confirmation of the initial presumptive positive tests Our results 
have correlated well with the quality of the water-supplies as judged from a know- 
ledge of the local sanitary condition's The bile salt used by us is the ordinary 
commercial sodium taurocholate obtained from different English firms at different 
times as and when required and a concentration of 1 5 per cent has always been 
used From the results of our study the following conclusions appear to be 
justifiable — 

I The American standard lactose broth yielded a larger number of presump- 
tive positive tests than the other media tested Out of a total of 171 samples tested 
on this meditim m the three sets of comparisons 144 were presumptively positive 
but only 120 confirmed All the presumptive positives in MacConlcey’s medium 
confirmed Of the positive presumptives in the brilliant green bile broth, Salle’s 
crystal-violet broth and Dominick-La'uter medium, 86 8 per cent, 83 9 per cent 
and 93 0 per cent respectively confirmed for the presence of organisms of the 
coli-ce') ogenes group 

II Brilliant green bile broth, when used for preliminary enrichment was 
less selective and less sensitive than the MacOonlcey’s bile salt lactose broth It 
was more or less similar to the standard lactose broth as regards presumptive 
positiv-es and confirmations, but showed the presence of a larger number of the 
true B coll in the completed confirmations than the standard lactose broth 

III Salle’s crystal-violet broth gave fewer presumptive positives and fewer 
confirmations than the standaid lactose bioth, but gave a larger percentage of true 
B coh than the standard lactose broth in the completed confirmations on treated 
waters 

IV Dominick-Lautei’s methylene-blue brom cresol-purple broth, though 
less sensitive than MacConkey’s bile salt lactose broth, was definitely superior to 
the othei broths included in this study 

V The Bijkman’s test was found to be unrehable for Madras waters 
Williams’ modification of the above test, for which more satisfactory results 
were claimed, was also tested by Webster at this Institute and found unsatisfactory 

VI The outstanding fact revealed by this study is that MacConkev’s bile salt 
lactose broth is the medium of choice in routine water bacteriology as (^) it is very 
sensitive and selective in its action, {^^) it stunulates the growth of the coh-cerogenes 
forms, particularly the former, during the first twenty-four hours, {m) it is conse 
quentiy^best suited to reveal the presence of these organisms which, m the present 
state of our knowledge, constitute the most reliable indication of the samtary 
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quality of waters, {%v) it enables an accurate estimate of tbe pollution present in a 
water to be made in twenty-four bonrs after a sample is submitted to tbe test 
without tbe necessity for any subsequent confirmation, and finally (v) it has 
been found to reveal bbe presence of true 3 coli (either alone or in conjunction 
with other forms) in over 85 per cent of the samples that were presumptively 
positive in 24 hours The corresponding figures were 75 per cent for the Dominick- 
Lauter broth, 73 per cent for the brilliant green bile broth, 71 per cent for the 
standard lactose broth and only 66 6 per cent for the Salle’s crystal- violet 
broth 

VII It is suggested that MacConlcey’s bile salt lactose broth be included in 
the list of media to be submitted to co-operative study by the American Public 
Health Association, a plan of which study has been outlmed in their Year Book 
for 1934>-35* 


Wfe desire to express our grateful thanks to Lieut -Colonel H E Shortt, i m s , 
Director of the King Institute, for his valuable advice and criticism in writing up 
this paper and to Major W J Webster, m c , i m s , foi much helpful advice during 
the progress of our comparative study and also in the revision of this paper before 
it was sent to the press in its final form 
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Isolation of ascaris eggs from soil is an important matter in some aspects of 
tlie study of tEe epidemiology of this infection A coDSiderable amount of work 
on this subject has been done in America and tlie Caldwells (1928) mention a method 
of isolatmg the eggs from earth Briefly, this consists of mixang the soil to be 
exammed with antiformin solution which is said to free the eggs from the soil 
Sugar solution of high specific gravity is then added to the mixture to brmg the 
eggs to the surface of the liquid from whence they are removed by means of a small 
phial or wire loop 

As far as we are aware the details 'of the method haYe never been published 
but it has been made use of by Spindler (1929) and Brown (1927) as well as by the 
Caldwells themselves, and mor'e recently Winfield (1935) woikmg in China mentions 
its use In all these reports of the use of this technique there is no mention of its 
quantitative value, by this we mean the proportion of the total number of eggs in a 
given sample of soil one may expect to recover, so although there is ample evidence 
that ascaris eggs are recovered, from soil by this method there is no information as 
to how many eggs are left 'behind , in other words what is the degree of efficiency of 
this method 

We have been carrymg out systematic soil exammations for the presence of 
ascaris eggs for a considerable time, and at first we followed the Caldwells’ method 
as being the only one available, but we used saturated salt solution instead of sugar 
and collected the eggs by ‘ direct centrifugal flotation pusheid to finality ’ The 
meaning of this, according to Clayton Lane, the originator of this centrifugal 
technique, is that the tubes are subjected to repeated centrifugalization with the 
addition of a drop or two moie of salt solution, as required, and the application 
of fresh cover-slips until no more eggs are recovered 

It was decided to test the above method to see how many eggs out of an 
estimated number m soil were recovered by it 

( 667 ) 
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i 

Soil samples were prepared as follows An emulsion of a stool containing 
ascaris eggs was made by thoroughly miring it with water until it was about the 
consistency of thm gruel It was then passed through a fine wire sieve to remove 
all lumps and coarse undigested matter, and it was finally thoroughly shaken In 
this way as even a distribution as possible of eggs throughout the stool was made 
Egg counts by the ordinary Stoll techpique were performed Two c c of this stool 
was mixed intimately with 10 c c of earth that was free of all worms and their 
eggs These mixtures were placed in small tin boxes with lids and laid aside for 
varying periods before being exammed so as to allow the stool to become as intimately 
incorporated with the soil as possible, and thus repfoduce natural conditions as 
closely as practicable In all the experiments detailed below 10 c c of soil and 
2 c c of stool prepared in the above manner were used 

In the fiist experiment two specimens that had been kept 23 and 24 days 
respectively after the soil and stool had been mixed were placed in conical glass 
vessels and 10 c c of 30 per cent antiformin added to each Ihey were then 
energetically stirred at frequent intervals for about half an hour and 25 c c of 
saturated salt solution was added Aftdr standing for half an hour the surface of 
the liquid was thoroughly skimmed by means of a wire loop and in one case no 
eggs out of an estimated number of 6,600 and in the other two out of an estimate 
of 4,400 eggs were recovered The practically complete failure in these two 
preliminary trials was probably, to a large extent, due to the dilution of the salt 
solution by the antiformin so that it was not of sufilciently high specific gravity to 
cause the ascaris eggs to come to the surface, therefore the next senes of experiments 
were performed in such a manner that this dilution was avoided 

The soil was placed in small flat-bottomed glass vessels and 25 c c of 30 per 
cent antiformin added to each , these were stirred at frequent intervals, as before, 
and then allowed to stand for the varying periods shown in Table I The antiformin 
was drawn off with a pipette and examined by centrifugalizationto make sure that no 
effgs had been removed The antiformin-soaked soil was now transferred to ‘ d c f ’ 
tubes and saturated salt solution added , they were then subjected to ‘ direct 
centrifugal flotation to finality ’ and the number of eggs recovered was noted 
These are given in Table I — 

Table I 


Number 

Number of 
days soil 
was kept 

Approx 
number 
of eggs 
added 

Time m 
contact with 
antiformin 
(honr'5) 

Number 
of eggs 
j recovered 

Percentage 
of total 
eggs 

recovered 

1 

24 

4,400 

24 

14 

0 32 

2 

, 24 

4,400 

24 

8 

1 

018 

3 

24 

4,400 

3 

0 


4 

24 

4,400 

3 

0 


5 

1 

6,200 

3 

1,560 

251 

6 

1 

6,200 

3 

400 

6 45 
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From these few results it seems safe to assume that prolonged soakmg with 
antiformm is little if at all better than soaking for only a few houis, and except 
in the case of fieshly-mixed stools and earth the method is not of very great 
value 

In the next series of experiments the soil was placed directly into d c f tubes 
and 10 G c of 30 per cent antiformm added a<nd they were frequently stirred for an 
hour They wete then spun in the centrifuge to tlirow down the eggs and the 
antiformm drawn off with a pipette Saturated salt solution was added and the 
tubes subjected to d c f to finality The results are given in Table II — 


Table II 


Number 

Number of 
days soil | 
was kept 

ApproK 
number 
of cKus 
added 

1 

1 'N'limber 
of eggs 
lecovered j 

i j 

Percentage 
of total 
eggs 

lecovered 

1 

21 

6,200 

2,062 

33 2 

O 

21 

6,200 

1,360 

21 9 

3 

19 

9,800 

48 

0 49 

4 

19 

9,800 

30 

0 30 

5 

19 

9,800 

20 

0 20 

G 

19 

9,800 

35 

0 35 

7 

19 

9,800 

765 

7 8 

8 

19 

9,800 

26 

0 26 

0 

19 1 

9 800 

26 

0 26 

10 

19 

9,800 

17 

0 17 


With the exception of experiments 5 and 6 of Table I and 1 and 2 of Table II 
which were all done using portions of the same stool and which was different from 
those used in the other experiments it wull be seen that very few eggs were recovered 
It seems probable that there was some unusual condition of the stool used m these 
four experiments which permitted the eggs to become free more easily than normally 
On account of the small number of eggs recovered in the remaining twelve experi- 
ments in w'hich other stools were used it was resolved to try and devise a better 
method 

As the action of antiformm in liberating eggs from soil apparently depends on 
the presence of free chlorine which is only present in this compound in small amount 
it was thought that if a greater quantity of the gas were available the results might 
be better Accordingly a series of experiments was carried out in which prepared 
soil was mixed with tap water and thoroughly stirred at frequent intervals for 
one to two hours After this, chlorine was bubbled through the mixture for ten 
minutes , after half an hour it w as spun m the centrifuge, the water drawn off, 

Jj MR rj 
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saturated salt solution added, and it was subjected to d c f to finality as in tlie other 
experiments EigM experiments were performed in tins way and as no eggs at all 
were recovered the method was not continued with, as it was apparently much less 
effective than antiformin 

As chlorine gas alone was totally inefiective in freeing ascaris eggs from soil 
and as antiformin contains alkali in the form of caustic soda it seemed that the 
latter must be of importance, so in the next series of experiments prepared sod was 
placed in large test tubes and mixed with 10 c c of 2 13 per cent caustic soda solu- 
tion, as this IS the strength we use in the preparation of antiformin The tubes 
were frequently stirred for a, period of one to two hours exalctly as in the previous 
experiments and at the end of that tune freshly prepared chlorine was bubbled 
through the mixture for ten minutes, and it was found that the mixture had become 
acid Aftei standing for about half an hour the mixture was transferred to d c f 
tubes and spun in the centrifuge to throw down the soil and eggs , the supernatant 
fluid was then drawn off with a pipette, saturated salt solution added and the tubes 
subjected to d c f to finality The total number of eggs recovered from each of 
twenty-one preparations m this way is shoivn in Table III — 


Table III 


Moist son. 

Dry son. 

Number 

Number 
of days 
soil kept 

Approx 
number 
of eggs 
added 

Number 
of eggs 
recovered 

Per- 
centage 
of eggs 
lecovered 

U 

V 

a 

Number 
of days 
soil kept 

Approx 
number 
of eggs 
added 

Number 
of eggs 
recovered 

o 

fciO w* 

^ Sd£1 

0 a> 

got*, 
o 

(i, M 

1 

28 

4,500 

2,300 

51 1 

1 

, i 

33 

4,500 

1,460 

32 4 

2 

63 

10,000 

3,920 

39 2 

1 2 

28 

4,600 

1,360 

30 2 

3 

58 

10,000 

3,824 

38 4 

i 

3 1 

31 

4,600 

1,147 

26 5 

4 

26 

4,500 

1.632 

36 27 

4 

32 

4,600 

1,040 

23 1 

5 

31 

4,500 1 

1,520 ! 

33 7 

6 

34 

4,500 i 

820 1 

18 2 

6 

32 

4,600 

1,480 

32 9 

6 

84 

26,700 

2,960 

11 1 

7 

33 ' 

4,500 

1,160 

26 7 

7 

63 

10,000 

980 

1 

98 

8 

60 

4,500 

1,060 

23 6 

8 

79 

26,700 

1,260 

48 

9 

34 

4,600 

1,020 

1 22 6 

9 

79 

26,700 

1,060 

40 

10 

80 

26,700 

4,520 

16 9 

10 

84 

26,700 

680 

26 

11 





11 

58 

10,000 

242 

24 


Comparison of the figures m Tables II and III shows that the latter method 
of recovering eggs is distmctly better It will be noticed in Table III that soils 
that have become dry during storage do not, on the whole, produce as many eggs 
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as those samples that have remained moist throughout This is almost ceitamly 
due to the tact, demonstrated by the Caldwells {loc cit ), that ascaris eggs become 
rapidly destroyed by drying, and the degree of dryness will naturally affect the 
number of eggs recovered We confirmed this observation by taking three samples 
of soil identical with those used in experiments 2 and 3 (moist soil) and experiment 
11 (dry soil) of Table III, and which had not become dry during storage These 
were exposed to direct simhght and they became quite dry on the surface One 
was exposed for one day and 10 2 pei cent of the total eggs were recovered, and 
the other two which were exposed for two successive days to the sun produced 
only 0 14 and 0 05 per cent of eggs respectively In another senes, ten samples of 
soil that had been kept for periods ranging between four and twelve weeks and 
which had become diy, less than ten pei cent of the total number of eggs weie 
recovered in every case 

On account of the labour involved in preparing a fresh solution of sodium 
hypochlorite on every occasion it was thought that it might be possible to prepare a 
stock solution which could be kept for use when required Ihis was done by 
passing chlorine through a 2 13 per cent solution of caustic soda The solution 
thus made was kept in an ice chest, and even with this precaution, it was found 
ineffective in less than a fortnight as fewer than 0 5 per cent of the total number of 
26,000 eggs were recovered from three soil samples in which it w’as used 

The probable explanation of this failure is that the apparent action of chlorine 
in freeing eggs really depends on the subsequent formation of hypochlorous acid 
and nascent oxygen from sodium hypochlorite and that as the dilute 
aqueous solution of sodium hypochloiite is unstable it soon becomes inactive 
It is therefore necessary to prepare the reagent freshly on each occasion 

Conclusion 

A new technique for the extraction of ascaris eggs from earth has been devised 
and an attempt made to compare it quantitatively with the method previously 
in use 

The importance of drying of sod in the destruction of ascaiis eggs has also 
been shown 

We wish to thank Professor S Ghosh and his assistants in the Chemical Depart- 
ment of the School for their help in elucidating the piobable manner in which the 
eggs are freed from the soil by this method 


*The alkaline solution of sodium hjpochlonte -nhich occurs in antiformm has apparently 
slight action m freemg ascaris eggs from soil Passing chlonne gas tlirough tap ■« ater is also ineffective 
because of the small concentration of hvpochlorous acid formed in this v ay , this in turn would give 
rise to only a small amount of nascent oxygen But in the presence of sodium hj droxide a consider 
able concentration of sodium hypochlorite is obtained When the leaction becomes acid, by the 
passage of chlorine through a solution of sodium hydroxide, a relatively high concentration of 
hypochlorous acid and hence of nascent oxj gen is obtained It is not knoun whether it is either the 
hypochlorous acid or nascent oxygen alone w'hich is the important factor in freeing the eggs from 
the soil, or whether both these substances play a part m the reaction 
The cliemical reactions concerned may be stated as follows — 

2NaOH + Ck = NaOCl + Nad 4- H.O 
dj -f H.O ■ = HOd + Hd 

SNaOCl + 2Hd = 2Nad 2HOd = ?Nad + 2Hd + 20, 



672 An Impoved Technique /o') the Isolation of Ascans Eggs fioni Soil 


REFERENCES 


Brown, H W (1927) Jour Parasttol , 14 , p 1 

Cardwell, F C , and Caldwell, E L i&id , 14 , p 254 

(1928) 

Spindleb, L a (1929) Amer Jour Hvg , 10 , p 470 

WiNnELD, G F (1936) Trans FEAT M Wh Cong , 

2,y 791 



Ind Jour Med Res, 23, 3, January, 1936 


STUDIES IN THE SEROLOGY OF SYPHILIS 

BY 

CHARU CHANDRA BASU 

AND 

HEMENDRA NATH CHATTERJEE 
{Fioni the De’parLnunt of Pathology, Carmichael Medical College, Calcutta ) 

[Received for publication, August 16, 1935 ] 

The main goal of sexological tests for sypliilis is that all syphilitic and only 
syphilitic sera should react in such a way as to give positive and unambiguous 
diagnosis At the present stage of our knowledge this is unattainable and still 
remains an ideal But much headway has been made and various points seem 
to have cleared up which have contributed to the increased sensitiveness of the 
reaction without any diminution in specificity 

The work of the last two conferences of the League of Nations (1928, 1931) 
demonstrated the supenoXity of some of the flocculation tests over the modifications 
of the complement-fixation tests But later studies (Gilbert, 1930 , Eagle, 1931 , 
Basu and Chatterjee, 1934) showed that the complement-fixation tests employed 
did not fulfil the requirements of the newer knowledge on the subject When 
these modem conditions (Harrison, 1930, Gilbert, 1933 , Basu and Chatterjee, he 
cit ) were fulfilled, the modifications of complement-fixation tests proved to be 
more sensitive than flocculation tests 

In the endeavour to inciease the sensitiveness of the complement-fixation 
tests and to measure quantitatively the amount of sj^hilitic ‘ reagin ’ in the serum, 
the various directions in which the workeis have proceeded may be summed up 
as follows — 

(1) Increasing the sensitiveness of the antigen 

(2) Varying the quantities of the diffeient reagents and fluicR, such as 

patient’s serum, complement, antigen, amboceptor, etc , so as to get 

the optimum results 

(3) Varying the temperature of incubation and the peiiods of reaction and 

finding out the ideal conditions 

(4) Removal of substances which interfere with the sensitiveness of the 

reactions 

Increasing the sensitiveness of the reagents 

It IS clear that the more sensitive the antigen, the lesser n ould be the amount 
of syphilitic antibody or ' reagin ’ required to give a positive reaction 

( 673 ) 



674 


Studies in the Serology of Syphilis 

Of tke various tissues, etc , whicli have been used as alcoholic extracts for 
autigeus including human heart bovine heart, normal and s}^hilitic liver, S3’philitic 
heart, as well as liver, kidney and brain of rabbits and guinea-pigs the most 
satisfactory have been the bovine and human hearts Of these two agam, the 
bovine heart has given slightly better results in the hands of Kolmer and 
Trist (1922) 

Crude extracts of heart muscle as well as the simple alcoholic cholesterol 
solutions have given far less satisfactory results than the two combined 

The concenlsus of opinion now is that the addition of this sterol to the alcoholic 
extracts of heart greatly increases their antigenic sensitiveness mboth complement- 
fixation and flocculation reactions 

But a great deal of difierence of opinion seems to exist as to the proper con- 
centration of cholesterol m the antigens used for the complement-fixation tests 

The outstanding contribution of recent yeais m tins direction has been that 
of Eagle (1931 , 1933) who super-saturated the alcoholic heart extract with cholesterol 
as well as with other sterols (corm germ sterol, sito-sterol, etc) A great increase 
in sensitiveness and a consequent detection of greater number of cases ot lues is 
claimed thereby 

In our previous work (Basu and Chatterjee, loe ai ) we found a fair number of 
auti-complementary and non-specific reactions when using this antigen 

The work of Levine (1932) also goes to disprove the claim of increased sensi- 
tiveness with the increase in amount of sterols Levine has shoun that the amount 
of sterol required depends on the amount of lipoid present m the antigen and that 
concentration beyond a certain limit may actually dimmish the sensitiveness of 
the antigen, and the phenomena observed follow a ‘ colloidal type of curve ’ so 
that, after a certam concentration, the sensitiveness begins to decline according to 
general principles of colloidal reactions 

Kolmer and Yagle (1934) have similarly obtained non-specific falsely positive 
reactions although thej^ used a primary incubation of four hours (Eagle’s method) 
as well as of 18 hours (Kolmer ’s method) They conclude that ‘ it is bettei to 
miss an occasional case of chionic latent syphilis than to run the iisks of falseh 
positive reactions particularly in the loutine work ’ 

Variations in the different reagents 

Quantitative reactions are now preferred to purely qualitative ones and for 
this purpose any one of the difierent reagents, i e , serum complement, amboceptor, 
antigen, and sheep’s corpuscles is used m diffeient quantities, keeping the other 
leagents constant 

In the present study we have used two methods side by side, viz , (1) that of 
Harrison in which difierent doses of complement are used and (2) a modification 
of the test m vhich the different dilutions of the sera are given 

The sensitiveness of the Wassermann reaction has been found to be greatly 
increased by Fairbrother (1933) on using a serum dilution of 1 2 as compared 

with 1 5 in Harrison’s test There appeared to be no reduction m specificity by 

this procedure 
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Wyler (1932) also obtained more sensitive results by nsmg different gradations 
of serum 

Kolmer (1929) after extensive comparative tests witb the diffeient methods 
comes to the conclusion that the serum dilution method is the best from the stand- 
point of economy, accuracy and ease of manipulation 

From the theoretical standpoint also, this method seems to be the most 
scientific as it is the serum in ivhich the syphilitic ‘ reagm ’ has been sought to be 
measured 

The mam disadvantage is the possible influence of natural hsemoh sms which 
mav be ])resent in large doses of serum , this influence, however, is ncutralued by 
methods described latei on 

Variations in the time and temperature of reaction 

Jacobsthal (1910) first showed that the sensitiveness of the complement-fixation 
test could be greatly increased if the mixture of serum, antigen and complement 
A\as kept in the ice box prior to addition of sheep’s cells 

Since then various workers (Thomson and Boas, 19]] , Kuecliger, 1919, 
Kolmer, 1920 , Klme, 1925 , Eagle, 1933) have confirmed this phenomenon and 
there is now general acceptance of the fact that there is a significant increase in 
sensitiveness of complement-fixation with the preliminary incubation in cold But 
there seems to be a great difierence of opinion amongst the workers as to the most 
suitable peiiod for incubation 

Some workers (Ruediger, loc cit , Kolmer, 1920 , Kline, he cit , Kilduffe, 
1926) advocate 18 hours’ incubation, while Eagle (1933) claims equally good results 
from a four hours’ incubation, and others (Rice and Smith, 1933) again favour a 
two hours’ incubation It seems possible that a particular time is suitable for a 
particular method (using a particular antigen) 

Thus, in our observation with McIntosh and Fildes’ antigen in the Harrison’s 
method, some anti-complementary and doubtful reactions were obtained when the 
temperature of incubation was increased to 3 hours or more This will be evident 
from the following experiment — 


Table I 



^ hour 

1 hour 

2 hours 

1 

3 hours 

4 hours 

i 

1 

1 18 hours 

1 

/A 

B 

Negative 0 

sera D 

E 

Positive 1 ^ 

sera ) ^ 

Antigen control 
tulie 

i 

- .1 
+ + + i 

d- -!-•+■ 

+ 4-4- 
Hffimolj SIS 

t 

+ + + 

+ -f + 

+ + + 1 
Haemolysis 

i 

■f'+'t 

++-1- 

+++ 

Hasmolysis 

± 

+ + + 

+ + + 

Hfflmolysis 

i 

± 

Anti comple 
mentarv 
++ + 

Haemolysis 

± 

d: 

Anti comple- 
mentary 
+ + + 

-j — j- + 
Anti comple 
mentary 
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The leadings indicate the somewhat different results obtained uith different 
cold incubation followed by half-hour water-bath incubation 

Tor purpose of routine work we have, therefore, adopted one hour of cold 
incubation followed by a half-hour water-bath incubation although it is quite 
possible that greater periods of time may be suitable for other methods 

Removal oe suibstances which interfebe with the sensitivity 

AND SPECIFICITY OP THE REACTIONS 

(A) Removal of the natural hcetnolysins of the serum, 

(B) Removal of the anU-complemeiUaiy activity of the seia 

(A) The presence of natural anti-sheep hsemolysins is an important factor which 
has been observed to give false negative reactions, especially in those sera which 
contain small amounts of syphilitic antibody and large amounts of hsemolysins 

Even when heated, about 85 pei cent of the human sera contain some 
quantity of natural anti-sheep hsemolysin 

The mechanism of their production is not yet known but they are acquired 
during the first year after birth 

Unheated human sera contain different varieties of these natural hsemolysins 

Some of these are thermolabile and are removed by heating to 55°C , others 
are comparatively thermostabilc The usual method that was used by us for their 
removal was The addition of a drop of sheep's corpuscles to the unheated serum, 
and after thorough mixing and cold incubation for 15 minutes the separation of 
the sheep’s cells by centiifuging and heating the serum at 55°C for half an hour 

Recently Fairbrother and Peeney (1935) have observed that heating the sera 
at 68°C largely removes their natural hsemolysins but heating beyond this tem- 
perature has a tendency to diminish the complement-fixing antibodies as well 

(B) Anil-complementary action — In our series of 561 cases only one case vas 
found to give an anti-complementary reading in the tests used by us It seems 
possible that heating at 55°C to 58°C is sufficient to remove the anti- 
complementary substances which are thermolabile 

Some workers (Wyler, loc cit , Greval et al , 1929) use smaller doses of comple- 
ment in the control tube The idea is that w'eak and doubtful reactions can only be 
detected by smaller doses or complement in the control tubes Presumably when 
small doses of complement are used in the control tubes these would naturally 
indicate the amount of anti-complementaiy action of sera and w'ould eliminate a 
large number of doubtful reactions which are in reality caused by these 
anti-complementary bodies arid not by the syphihtic ‘ leagin ’ Greater quantities 
of complement would exhibit complete haemolysis in the control tubes But as 
complement is the most variable factor amongst all the reagents to omuch reliance 
can hardly be placed on the ni h d of complement alone and in the small differences 
in the doses of complement (Hairison, 1930), especially m view of the fact that the 
behaviour of the complement does not alw'ays follow a mathematical rule 

In fact this method as modified by Wyler (loc cil) was used in the 1931 
conference of the League of Nations but w^as found to give the highest number of 
doubtful cases in the non-sjqihilitic sera amongst all the tests used 
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The following symbols have been used in the interpretation of the results 

1 A strong reaction has been noted down as -f 

2 A fair reaction has been noted down as 

3 A weak reaction has been noted down as 

4 A doubtful reaction has been noted down as i 

5 A negative reaction has been noted down as — 

Both + or ± readings denote that the serum is neither definitely positive nor 
definitely negative except in cases of treated syphilis when they might be regarded 
as indicating a positive reaction 

The total numbei of cases in which a positive reaction vas obtained n as 2^3 
Of these, the number of clinically diagnosed cases of syphilis, giving at the same 
time positive serological reactions, was 188— so that sexological tests shoved 
more positive cases, or 40 per cent more, than clinical diagnosis alone 

An analysis of these 188 clinically and serologically positive cases is given in 
Table II — 

Table II 


'1 tat 

Readings 

I 1--1- + 

+ + 

+ 

± 

— 

Harrison 

87 

1 

43 

1 27 

1 

14 

1 

Serum dilution 

100 

47 

8 

8 

1 16 

Kahn 

82 

37 

19 

' 11 

39 

M K R 11 

RO 

1 50 

1 

n 

1 10 

, 31 

1 


The above table may be further simplified by reducing the absolute figures in 
figures per cent and reducing the readings undei three broad headings, viz , positive, 
negative and borderline (doubtful and weaklv positive) cases 


Table III 


1 

Test ! 

1 

1 Readings 

+ + + or + + 

+ or J; 

— 

Harrison j 

•130 (70%) 

41 (21%) 

17 (9%) 

Serum dilution 

156 (83%) 

00 

CD 

16 (8 6%) 

Kahn standard 

119 (64%) 

39 (16%) 

39 (20%) 

M K. R IT 

130 (70%) 

27 (14%) 

31 (10%) 
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The table shows that no one of these single tests could by itself diagnose all the 
cases In order of sensitiveness the tests are put down as follows — 

I Serum dilution method 

II Harrison 

III M K R II 

IV Kahn standard 

Thus the serum dilution method was unable to give any indication in 8 5 per 
cent cases, Harrison in 9 per cent cases, M ,K R II in 16 per cent cases, Kahn 
in 20 per cent c5-ses 

A combination of the tests was able to give a serological diagnosis in all these 
cases 

Taking into account the borderline and ambiguous cases, i e , those cases 
which gave + or ± results it would be found that the lowest figure occurred with 
serum dilution method Of the two flocculation tests M K R II presented 
slightly better figures, by giving more definite reactions 


Relative agreement between the different tests 
A Agreement bekoeen Hainson^s method and othei tests 


Table IV 


1 

beium dilution j 

Kalin 

M K R TI 

479 (86%) 373 (66o/„) 

363 (63%) 

Ag) cement between seium diluhon method and othej tests 

Table V 

Harrison 

K-vlm 

M K R II 

479 (86%) 

373 (66o/o) 

373 (66%) 

Agreement between Kahn standard and other tests 

Table VI 

Harrison 

Serum dilution 

M K R U 

373 (66%) 

373 (66%) 

458 (81%) 
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D Agi eement between M K R II and other tests 

Tabde VII 


lliirnson 

1 

Serum dilution 

1 M K R II 

353 (63%) 

373 (66o/o) 

458 (81%) 


The number of serologically and clinically diagnosed negative cases was 145 

The clinically diagnosed negative cases which have given non-negative reactions 
are given In all these cases the history was negative Amongst the group will be 
found one case of psoriasis, 2 cases of epidemic dropsy and 2 cases of cancer in 
which syphilis was definitely excluded There were also two cases of cerebro-splnal 
fever 

Table VIII 


N on-syphihtic cases giving non-specific leactions 


Serial number 
of scrum 

1 Harrison 

! 

Serum 

Kahn 

M K R II 


6 

• 


— 

— 

Epidemic dropsy 

10 

— 

— 

± 

— 

RotinitiB 

11 

— 

-1 

— 

~ 

C S feier 

27 


db 

— 

+ -)- + 

Cancer, slomich 

1 

98 ' 

± 

i 

— 

— 

Repnritis 

33 

+ 

— 

— 

i 

Hypospadias 

135 

1 — 

— 

— 

± 

C S fever 

156 


— 

— 

— 

Puerperal sepsis 

158 

i 

— 

1 

— 

Facial paralysis 

166 

— 

— 

± 

— 

Anaimia 

277 

i 

— 

— 

— 

Cancer 

8,691 


± 

— 

— 

Psonasis 

8,793 

± 

— 

— 


Colitis 

8,715 


— 

— 

— 

Old iritis 

8,727 



— 

— 

Malaria with nephntis 

8,794 

! 

— 

— 

± 

Peritonitis 
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Semi number 
of serum 

Harnson 

Serum 

1 

Kahn , 

M K B II 

1 


8,834 

— 

— 

— 

i 

Cancer 

8, <190 

± 

± 

— 

— 

Keratitis 

9,018 

— 

i 

— 

— 

Sinus 

9,039 

— 

— 

— 


Glaucoma, epidemic dropsy 

9,040 


— 

— 


Optic neuntis 


Altliougli the number of cases are too few for scientific generalization the 
writers have observed that, in the present senes and in subsequent cases, the serum 
of epidemic dropsy and cancer cases gave a positive reaction with M K R II test 
The point, however, requires further investigation It would be observed that 
none of the cases have shown a definite!}'’ positive reaction (i e , or 4-+) 

with the complement-fixation tests 


Positive oases giving negative reactions 


These cases have always been one of the great difficulties of the serology of 
syphilis 


Leaving aside the mne treated cases of syphilis there remain another nine 
cases which gave absolutely negative reactions with all the tests 

Of these cases two were of pregnancy with abortion Other workers have 
noted negative reactions after the delivery in pregnant cases Kolmer (1929) 
observes ‘ It would appear to be defimtely estabhshed that Wassermann reaction 
in pregnant syphilitic women may become negative for a time after delivery and 
this is responsible for much confusion ’ 


Of the remaining seven cases five were cases of neuro-syphilis and two of 
tertiary syphilis 


The serology of neuro-syphilis present certain difficulties (Kolmer, 1929 
Menmger and Bromberg, 1935) and the question of the neurotropic strains of 
Treponema pallida, and the possible serological results following infection with 
them requires further study 


The total number of neuxo-syphilis cases was 25, and wdien this 
into account it must be admitted that the positive diagnosis of 
cases IS much less satisfactory than that of other cases 


figure IS taken 
neuro-syphilis 


Kolmer (1929) sums up the whole question as follows ‘ At any rate negative 
blood reactions and even repeatedly negative reactions alone nevjr rule oS\he 

int “y"*™ beteera 

iU per cent and 30 per cent of cases showmg positive spinal fluid reactions’ 
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Thus, in our series 5 out of 25 cases of neuro-syphilis showed negative serum 
reactions 

If we exclude these neuro-syphditic sera then 2 out of 561 cases or less than 
0 5 per cent have failed to be detected by the diagnostic methods 

If, however, the neuro-syphilis cases are taken into consideration the 
percentage would go up to 1 5 

When only the clinically diagnosed cases of syphilis are taken into account 
then the number of undiagnosed cases would be 3 5 per cent 

On this question the work of Hoverson ei al (1933, 1935) seems to break new 
ground They have demonstrated the seasonal variations of known untreated 
syphilitic sera Thus a positive serum may be negative owing to climatic and 
metereological conditions although the patient has not been receiving any 
treatment 

This work further reduces the value of negative findings and emphasizes the 
importance of repeating the tests at different intervals 

Similarly, Boas (1934) has twice observed positive serological reactions 
turning negative in the absence of any specific treatment The Wassermann 
reaction was repeated several times but it remained consistently negative 

Reactions in other diseases 

The possible association of epidemic dropsy and cancer with positive serological 
tests especially M K B II has already been suggested 

Malaria — Of the 39 cases associated with malarial fever 26 gave negative 
results, seven gave positive results in sj-philitic cases and in the remaining six, m 
whom syphilis could not be excluded, doubtful reactions were obtained 

Kala-azai — Of 5 cases 3 gave negative reactions and in the remaining tv o 
with syphilis positive reactions were obtained 

Summary 

1 The sera of 561 cases have been studied by means of two modifications of 
complement-fixation tests and two flocculation tests 

2 An endeavour has been made to modify the complement-fixation in the 
light of recent work on serology 

3 No single test has been able to diagnose all the cases of clinically known 
syphilis , the combination of more than one test is recommended 

4 Quantitative complement-fixation tests with variations in serum have 
given much more satisfactory results than those in which variations in complemci t 
are used 

5 Judged from the point of view of sensitiveness the tests may be placed in 
the follow'ing order — 

1 Serum dilution method (complement-fixation; 

2 Harrison’s method (complement-fixation) 

3 Heinicke Klarungs reaction II (flocculation) 

4 Kahn standard test (flocculation), 
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6 Meinicke Klarungs reaction II is more sensitive tlian Kahn but bas a 
tendency to sive more non-speeific positive reactions in epidemic diopsy and cancer 
cases, a' point which ought to be investigated 

7 About 3 5 per cent cases of clinically known syphilis still remained 
undetected even when multiple tests were done Of this neuro-syphilis included 
2 per cent and other varieties 1 5 per cent 

8 Malaria and kala-azar do not seem to have any effect on the tests 

Our best thanks are due to Dr N B Moiidal,Dr N 0 Biswas and Mr J C Sur 
for the very great help w e have received from them 
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BLOOD GROUPS OP THE ANGAMI NAGA AND THE 

LUSHAl TRIBES 

BY 

Captain P N MITEA, mb, d t m , 

Formerly Teacher of Pathology, B W M School, Dtbiuga'ih 

[Received for publication, September 2, 1935 ] 

The Angami Eaga and the Lushai tribes occupy certain of the hill ranges 
running between Assam and Burma Politically they belong to Assam They 
live in small villages in the midst of dense forests Not being of commercial 
importance their hills are not easy of access 

It was not possible to visit the tribes personally to determine their blood groups 
on the spot but Dr Das and Dr Chowdhury kindly undertook to collect specimens 
for me feom members of each of the tribes Blood was collected by pricking the 
finger and allowing a diop to run into a capillary tube which was immediately sealed 
in a flame and posted to me at Dibrugarh Mino (1923) has found that red blood 
corpuscles, preserved in this way, remain perfectly agglutinable for a long time and 
Pijper (1932) has also successfully used this method for examining the blood groups 
of the Bushmen 


Grouping technique 

The contents of a capillary tube were evacuated into a test-tube containing 
normal saline After slight shaking so as to form a suspension of red blood corpuscles 
the supernatant suspension was pipetted ofi, leaving a small clot behind The 
second tube was centrifuged and the supernatant fluid was pipetted off, leaving 
the red blood corpuscles in the bottom Enough normal saline was now added to 
make an approximate 5 per cent suspension of the red blood cells The further 
technique is the same as has recently been described by Mitra (1935) Hsemolysed 
tubes were discarded 

The results are given in Table I — 


Tabie I 


Name of trite 

Number 

examined 

Groups in pebcentages 

Biochemical 
race index 

A 

B 

AB 

0 

Angarai Naga 

165 

38 78 


1152 

3 64 

46 06 

28 

Lvshai 

141 

44 68 


16 31 

6 38 

32 63 

23 


cr, MR 
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As the various tribes are isolated from each other as well as from the people 
of the plains of Assam, it naturally is interesting to compare their blood gi'onps 
with those of neighbouring people Unfortunately, there is no recofd hnovn to 
me of the blood groups of the Burmese or of any bill tribe of Asfeam In Table II, 
however, their blood groups are compared with those of the people of the plains of 
Assam as w'orked out by MitTa (1933) and with the blood groups of the people of 
Hunan in South China, as worked out by Chi-pan (1924) — 


Table II 


Senal 

Name of tribe 

, Groups in percentages 

Biochemical 


1 


number 

or race 

A 

B 

AB 

. 0 

race index 

P 

? 

r 

1 

Angami Naga j 

38 78 

11 52 

3 64 

46 06 

28 

241 

7 9 

67 9 

2 1 

Lushai j 

44 68 

16 31 

6 38 

32 63 

23 

30 1 

121 

671 

3 

! 

Chinese of 

Hunan I 

1 

38 80 

19 40 

9 80 

31 80 

16 

28 6 

16 0 

66 3 

4 

Assamese of 
the plains 

24 65 

32 65 

9 25 

33 65 

08 

18 6 

23 7 

68 0 


It IS seen that the Angami Naga and Lusha i tribes (Nos 1 and 2) show a high 
percentage of A, a comparatively low percentage of B and a high biochemical race 
index — points which are characteristic of the Hunan type of blcod group (No 3), 
and can therefore be said to be related to that blood group They differ, however, 
from the Assamese of the plains (No 4) who show a low incidence of A, a bgh 
incidence of B and a low biochemical race index — ^points characteristic of the 
Indo-Manchurian type of blood group 

Conclusion 

The Angami Naga 'and Lushai hill tribes on the borders of Assam show blood 
groups corresponding to the Hunan type, whereas people of the plains of Assam 
belong to the Indo-Manchurian type 

My thanks are due to Dr K M Das, m B , u t m , and Dr M Islam Chowdhury, 
M B , for their efforts in obtaining the blood specimens used in this investigation 


Chi-pxn, Lt (1924) 


Lattes (1932) 
MiNo (1923) 
Mitba (1933) 
Idem (mS^) 
PiJPEB (1932) 
Snvdeb (1929) 
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FAVUS IN INDIA 

BY 

N G DBY, BMP, L T M , 

AND 

P A MAPLESTONE, dso, mb, chb, dtm 
{From the Medical Mycology Inquiry financed by the Indian Reseaich 

Fund Association ) 

{School of Tropical Medicine, Calcutta ) 

[Received for publication, September 5, 1936 ] 


Achonon schonleini (Lebert, 1845) Remak, 1845,* is tbe cause of favus in 
Europe but a few other fungi of the group Hyphomycetes causing this condition 
have been described and they have also been placed in the genus Achonon These 
are A quincjceanum Zopf, 1890, A gallince (Megnin) Sabouraud, 1910, and A 
gypseum Bodin, 1907 Though clinically they cause lesions hke those of favus, 
morphologically none of them show any end organs resembling those of A 
schonleini 

In China and Japan cultures have been taken from clinically t 3 rpical favus 
cases, but they differ from A schonleini Thus we find A formoseum Hasegawa, 
1927, Grubyella schonleini var mongolica Hasbimoto and Ota, 1927, and 
Grubyella schonleini var castctnea Taniguchi, 1925 Recently Chen, Kurotchkin 
and Hu (1931) described four different types of fungus with downy cultures, from 
patients with favus in Peiping, but the description of these is inadequate for their 
identification 

Sowce of material — ^Recently a patient aged 16 years from the distnct of 
Joypur, Rajputana, who had been suffering from a condition of ‘ dry pustules’ on 
the -head and nePk for the last eleven years, came to the Calcutta School of Tropical 
Sledicme The disease first appeared as a single scutulum when the boy was four 


* Synonyms — 

Oidtum sch6nlein% Lebert, 1846 Oidtnm pornginis Montagne 
Oospora porrtgtnis (Mont et Bert ) Saccardo, 1886 
Otdtutn (Achonon) schdnletm 7opf, 1890 
Gnibyella schonleinx Ota and Langeron 1923 
Tnchophyton schdnkim Langeron and Milocbevitcb, 1930 
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years old and gradually the whole head had become affected and was covered 
by typical favus crusts of the usual sulphur-yellow colour (Plate XIX, figs 1 and 2) 
The hairs growing through the scutula were lustreless, but not broken and the} 
were very sparse in the affected areas On removal of the crusts there was an 
excoriated layer of skin covered by a thin layer of epithelium (The contiguous 
parts of the neck were also affected but the lesions were very supeiUcial and without 
the characteristic appearance The source of infection could be traced to the boy’s 
mother who had buffered from a similar ailment since her childhood (as reported 
by her brother wdio brought this patient) No one else in the house had the 
disease 

Mycology — The crusts were found to be full of spores varying from 4ft to Cfi 
in diameter and short shreds of myceha with rounded ends of the same breadth 
and of variable length Some spores were budding in places and were irregular m 
shape The mycelia were curved and comma-like or sinuous and vere either 
branched or simple (Plate XX, fig 3) 

Hairs, when treated with sodium sulphide solution, did not show any myceha 
for a period of 3 to 4 hours except where the crusts were adherent There was no 
air bubble adhering to the hair , this is said by Sabouraud to be characteristic 
At the end of 3 to 4 hours when lysis and disintegration of the hair cells had taken 
place, the myceha appeared Some were beaded but most of them were without 
any arthrospores such as the vegetating myceha of the crust contamed On 
inoculation of either the crust or hair growth took place quickly and sub-cultures 
were made in different media to ascertain if the characters w buld vary under these 
conditions 

Cultures were made on Sabouraud’s maltose- and glucose-peptone agar, glucose 
agar, Czapek’s synthetic agar, nutrient agar slope, semi-solid starch (4 per cent), 
glucose broth, inspissated serum, starch agar with and without peptone, Petroff’s 
medium, dhal broth, dhal agar, potato medium, blood agar, whey agar, Dorset’s egg 
medium, glycerine agar and liquid glucose-peptone The organism was also 
inoculated on Sabouraud’s maltose-peptone agar with the oxygen supply limited 
by a rubber cap on the mouth of the test-tube and also under partial and complete 
anaerobic conditions The results are as follows — 

Sabouraud’s maltose-peptone agai — At the end of the first week, the growth is 
I 25 cm in diameter, convex, raised, shghtly cerebriform with white chalky powder 
spread uniformly over the growth The margin shows fibres radiating from the 
growth forming a fine halo beyond which there is another lighter halo 

At the end of the second week, the growth is about 2 cm in length, the colony 
becommg flattened in places though the character is still cerebriform The margin 
of the growth shows a frmged appearance 

At the end of the third week, myceha are climbing along the side of the test- 
tube The growth is 2 5 cm in length and is otherwise unaltered but submerged 
growth on the both ends is now taking place (Plate XXI, fig 5) 

At the end of the fourth week, the growth is losing the white powder and 
becoming smooth The medium has become brown especially under and round the 
growth The colouring of the medium follows the smoothing of the growth which 
takes place after a variable time m different specimens and also on drying of the 
medium 
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In a flask, where the space for growth is large, the fungus grows to a size of 
3 cm to 3 5 cm in diameter in 3 weeks with a white chalky crust There is always a 
fibrillar, fringed margin heralding spread of the growth Secondary growth at the 
periphery appears on the fourth week or later In the flask the primary grow th 
does not become any bigger but secondary growth takes place to a slight extent 
Cultures when old always gradually lose the white chalky character in Sabouraud’s 
medium (Plate XXII, figs 11 aud 12) 

Sabouiaud’t, glucose-peptone agai — The growth m this medium is more rapid 
than in any other and consequently although cerebriform it only appears as a 
wrinkled and folded thick membrane There was no brown coloration of the 
medium or of the growth 

The growths on the fourth day after inoculation vary in different tubes from 

0 75 cm to 1 cm in diameter They are raised, convex and cerebriform wath snow- 
white chalky powder uniformly distributed on the surface There are irregular 
pits on the surface of the growth like favic scutula 

At the end of the first w^eek the growths are from 1 25 cm to 1 5 cm in diameter 
and ate raised, with superficial radial furrows in some places The marginal part 
of the growth shows radiatihg fibres intimately mixed with the surface of the medium, 
visible in transmitted light These fibres form a halo about 0 25 cm in widtb 
round the growth and blend with the medium The central growth is white as it 
is covered by a uniform layer of fine powder 

At the end of the second week, the character of the growth is similar to that 
of the first week but it is more elevated and cerebriform in the centre, the pits are 
more marked and the margin of the growth shows further fibrillar extension 
lengthwise along the slope The area of growth including the fibres is 3 cm by 

1 5 cm (breadth of the slope) but the mam cerebriform growth is about 2 cm in 
length 

At the end of the third week and later, the character of the growth is the same 
The centre is cerebriform and about 2 25 cm in length Beyond this area there 
are fibres extending about 1 25 cm above and below the central growth These 
fibres are mixed up with the medium and go on growing until they reach the ends 
of the culture medium There is no coloration of the medium The growth is 
brown m colour in places where it has lost the powder This loss begins about 
the fourth week and the brown colour becomes deeper and powder is totally lost 
In 4 months or so and the growth is then completely glabrous 

Glucose agar —At the end of the first week, the growth is raised, convex and 
irregularly circular, about 1 25 cm in diameter and covered uniformly by a 
comparatively thick coat of white powder There are five or six furrows radiating 
from the centre 

At the end of the second week, the character of the growth is much the same 
The area is about 1 5 cm by 2 5 cm in length and mycelia are growing on the 
sides of the test-tube White powder is still more evident on the surface of the 
growth and the radiating furrows are deeper 

At the end of the third week, the growth has spread lengthwise for about 4 cm 
covering the slope completely The centre is cerebriform and the furrows extend 
m a radiating manner over the surface (Plate XXI, fig 6) 
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At the end of the fourth week in one tube the medium, which is drying, Las 
become orange red or salmon pink and the culture is more wrmkled on account 
of drying Another tube, which is not so dry, does not show staining of the 
medium 

Synthetic agar (modified Czapek’s) —At the end of the first week the growth 
is wholly submerged in the medium except at the site of inoculation where the 
inoculated mass is above the surface A very fine powder is spread on the surface 
and the submerged root structures are arranged radially and have gone to a 
considerable depth The area of growth is 0*76 cm in diameter 

At the end of the second week, the growth is about 1 25 cm in diameter and 
the character is not changed except that the roots are fouiid to be deeper Ihis 
IS best seen by transmitted light 

At the end of the third week, the character of the growth is practically un- 
altered as there has been little further growth 

At the end of the fourth week, the growth is 2 5 cm in length, and at the site 
of inoculation is raised above the surface of the medium and is about 0 20 cm ni 
diameter. 

Nutrient agar — At the end of the first week, the growth is 1 25 cm m diameter 
and IS flat on the surface of the slope and is covered by yellowish-white down 

At the end of the second week, the growth is more or less circular, 2 0 cm in 
diameter, the character being unaltered 

At the end of the third week, the growth is spreading lengthwise along the 
slope for about 2 5 cm and is covered with fine brown down 

At the end of the fourth week, the growth is 3 0 cm in length It is flat and 
uniformly spread on the surface of the medium and is covered by fine brownish 
down 

At the end of the sixth week, the tubes show velvety down intimately blended 
with the surface of the medium and almost covering the whole length of the slope 
(4 cm ) 

Semi-solid staivh (4 per cent starch) — At the end ot the first week, the growth 
floating on the surface of the medium is 0 76 cm in diameter with roots hanging 
down for about 0 25 cm 

At the end of the second week, the growth is 1 26 cm in diameter with more 
roots developed The growth is scum-like on the surface, has a cartilaginous feel 
and IS attached to the side of the test-tube 

At the end of the third week, the growth is 1 6 cm in diameter otherwise it is 
unchanged 

At the end of the fourth week, as the medium is drying, there is a gap between 
the culture and the medium on one side, on the other side it has dropped and is 
lying on the surface of the medium, so that it appears obliquely placed 

Glucose broth —On a sub-culture in glucose broth from a growth on Sabouraud s 
medium the glabrous or waxy parts generally settle down in the medium and the 
parts of the inoculated mass covered with white down or powder generall} float on 
the surface The parts that remain deep in the medium show a flaky, puff-hke 
growth round the inoculated mass The floating mass always shows a cerebrifoim 
°rowth from which roots hang down in the medium 

O 



N C Bey and P A. Maplestone 


691 


After the inoculation in this medium some of the masses sank and one remamed 
floating on the surface 

At the end of the first week, there were woolly puff-like masses in the medium 
varying from 0 25 cm to 1 cm or more in diameter 

The floating mass is cerebriform showing a somewhat honeycomb appearance 
and the size is about 1 cm in diameter with very fine pellicles growing and hanging 
down ' 

At the end of the second week, flaky masses are numerous throughout the 
medium They are more puffy than in the previous v eek and have a granular 
mass in the centre 

The floating mass is now about 1 6 cm in diameter and knob-like with 
honeycomb or cerebriform appearance and a brownish-white colour 

At the end of the third week, the flaky masses are unchanged The floating 
mass is Wrinkled, cerebriform, knob-like with a honeycomb appearance and 
occupying the whole of the diameter of the test-tube The growth is folded on itself 
in a double layer as there is no space in the test-tube to grow further 

The type of growth of the fourth week is like that of the third 
Inspissated seium — ^Atthe end of the first week, the growth is about 1 cm in 
diameter The medium is depressed in the centre, appears as if it is being lysed or 
liquefied at this spot and it is covered by white, thick, powdery masses 

At the end of the second week, the growth is about 1 6 cm in diameter The 
medium is more depressed in the centre and there is a light greyish-black zone 
of pigmentation around the central growth in which there are rough granular 
areas 

At the end of the third week, the character of the growth is the same as in the 
previous week, except that the black zone round the growth is deeper than before 
There are rough, button-shaped masses 0 5 cm in diameter on the centre of the 
growth, and it is losing its downy covering 

In the middle of the fourth week the growth is uniformly glazed in appearance 
due to fluid elaborated by the fungus from the medium 

At the end of the fourth week, the growth is 2 cm in length and of a glabrous, 
faviform type and there is fluid at the bottom of the tube (Plate XXI, fig 7) 

At the end of the sixth week, the slope at the site of the growth is complete^ 
liquefied and the liquid has settled at the bottom of the tube The growth at this 
time shows pigmented and unpigmented portions mixed together , it is glabrous 
and corrugated 

Starch agar with peptone — This medium consists of 4 per cent starch with 
1 per cent peptone and 2 per cent agar in slopes 

The growth at the end of the first week is 0 75 cm in diameter and is 
roughly circular The central part is chalky 'and white, the margin glabrous and 
submerged 

The growth at the end of the second week is 1 25 cm in diameter and roughly 
circular The peripheral third shows a glabrous submerged growth By trans- 
mitted light the glabrous part shows zones of varymg density , of these the most 
peripheral is the lightest and they become gradually darker towards the centr^ 
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The peripheral part is submerged and is wax-yellow or cream-coloured and irregu- 
lar in outline The roots have grown about 2 to 3 mm into the medium Tlie 
piece of culture inoculated in the centre is glabrous and cream-coloured with- 
out a chalky crust 

At the end of the third week, the growth is roughly oval and is 2 cm by 1 5 cm 
in area and the character is exactly the same as in the previous w'eek The central 
part IS chalky and is 1 cm in diameter In the peripheral part the growth is 
submerged and appears glabrous as there is no chalky crust over it 

At the end of the fourth week, the growth is of the same apjcarance as in the 
third but it has increased in size to 2 75 cm b}’^ 1 76 cm 

Sta‘)ch agar without peptone (4 per cent starch and 2 per cent agar) — There was 
no visible growth till the third week 

At the end of the third week there is very slight growdh in both the tubes 
inoculated It is 0 8 cm in diameter, and is submerged in the medium appearing 
as a faint halo round the site of inoculation 

At the end of the fourth week, the growth is 1 cm m diameter, no other change 
being noted 

Petioff’s medium (with gentian violet 1 in 1,000) — At the end of the first week 
a raised grovth about 0 30 cm in diameter appears It is convex and convoluted 
though in a mimature form, yellowish-brown in colour, covered in places by very 
fine brownish-white powder intimately adherent to the growth 

At the end of the second week, the character of the growth is the same as m 
the previous week except that it has increased slightly in diameter 

At the end of the third week it is about 1 cm in diameter and though irregulai 
m outline it IS roughly circular and it is uniformly covered by a browmsh-white 
powder 

At the end of the fourth week, the area of the growth is slightly increased , 
it IS cerebritorm and there are some shallow pits on the surface The powder 
covering the centre of the growth is now yellowish-brown and the margin is brownish- 
white 

Dhdl bioth — At the end of the first week, there are two kinds of growth similar 
to those seen in glucose broth The inoculation that sank in the medium shows a 
puffy growth surrounding it This varied from 5 mm to 1 25 cm in diameter 
There were about four or five masses of that size and some smaller flakes 

On the surface of the liquid there is a cerebnfoim growth floating as a knob-hke 
honeycombed mass The area is about 1 cm in diameter and there are hanging 
roots though they are very short 

At the end of the second week, the growth is much the same as in the previous 
week, but the flakes are more numerous The floating cerebnform mass is about 
1 5 cm in diameter covering the whole of the surface The medium is coloured 
pink and the roots are a little longer 

At the eud of the third week, the puffy flake-hke growth is unchanged but the 
surface growth is wrinkled and thrown mto folds though the character is unaltered 
The medium is coloured darker pink with an orange tint 
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At tlie end of tlie fourtli week, the surface growth is more wrinkled , the growth 
m the medium is unchanged and the medium itself is still darker, being now definitely 
orange 

Dhdl agai — At the end of the first week, the growth is about 1 cm in diameter, 
cerebriform, slightly raised above the surface of the medium with irregular but 
superficial radiating furrows The gioath is uniformly covered with a fine chalky 
crust intimately blended with tlie growth 

At the end of the second week the growth is 1 5 cm in diameter, more con- 
voluted superficially and covered uniformly with a chalky-white crust adherent to its 
surface The medium is coloured light pmk 

At the end of the third week, the growth has spread to 2 25 cm m length and 
the medium is a little more deeply coloured Other characters are the same as in 
the previous week, and no further change was noticed although the growths welre 
frequently examined for more than six weeks (Plate XXI, fig 8) 

Potato medium — At the end of the first week, the size of the growth is 0 5 cm 
m diameter, raised, cerebriform and almost completely covered by fine white 
granules The growth is raised about 0 3 cm above the surface of the medium 

At the end of the second week, the growth is 1 26 cm in diameter, raised, 
superfieially convoluted, covered by fine white powder and around the margin 
there is a greyish-black zone 

At the end of the third week, the character of the growth is the same except 
that it IS a little more chalky and drier than it was in the previous week and it is 
now 1 4 cm in diameter 

In the fourth week the growth is more definitely chalky and cerevbriform in 
appearance The zone of pigmentation round the growth is almost black It is 
about 1 5 cm in diameter 

Blood agar — At the end of the first wnek there is a knob-like cerebriform growth 

0 75 cm in diameter It is uniformly covered with white chaUry powder and 
around it there is a submerged portion, greenish in colour The whole growth is 

1 cm in diameter with a faint surrounding zone of haemolysis 

At the end of the second week, the growth is 1 5 cm in diameter, the central 
portion being 1 26 cm The character of the growth is unchanged except that the 
powder on the surface is thinner 

At the end of the third week, the growth is 2 cm in diameter, the centre of the 
growth IS more wrinkled, cracked, slightly depressed and glabrous from loss of the 
powder Beyond the central part, the powder that was white in the previous week 
has become greenish in colour The peripheral margin of the growth is faviform, 
glabrous and is slightly raised (Plate XXI, fig 9) 

At the end of the fourth week, the character of the growth is unchanged except 
that the greenish powder on the surface is thinner The haemolysis has extended 
throughout except to the two ends of the slope 

Whey agar — At the end of the first week, there is a small central mass at the 
site of inoculation about 0 20 cm in diameter and elevated above the surface of 
the medium Around this there is a growth 1 cm in diameter w^hich is largelv 
submerged m the medium and distinctly visible by transmitted light. 
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At the end of the second week, the growth is smooth, submerged and blended 
with the surface and is 1 5 cm in diameter The centre is covered with fine white 
powder and is slightly acuminate 

At the end of the third week, the growth has spread lengthwise and very fine 
velvety powder IS appearing on the smooth surface The whole surface of the 
slope IS covered and the growth appears moist 

At the end of the fourth week, ,the growth is not much changed Ihe surface 
appears to be drier, and the size of the growth is 1 5 cm by 3 cm when exarmned 
against the light 

Dorset’’ s egg medium — At the end of the first week, the growth is 1 26 cm in 
diameter with six furrows radiating from the centre with geometrical accuracy 

At the end of the second week, the growth is 1 75 cm in diameter The centre 
IS faviform, glabrous and finely folded, and around this there are furrows and folds 
wrinkled like a muslin frill 

At the end of the third week, the wrinkles and furrows are more marked and 
the growth is becoming heaped up in the centre and upper end, it is thus cdnvex in 
outline and appears drier than before It is oval in shape, 2 5 cm by 2 cm m area 
and brown in colour 

At the end of the fourth week, the central and upper parts of the growth show 
a fine honeycomb appearance of a dry type and are more raised and convex as well 
as being darker coloured (Plate X^I, fig 10) 

At the end of the sixth week the upper portion is rougher and the honeycomb 
appearance is more prominent and it is also more raised and convex than m the 
fourth week Later the whole growth developed a honepcomb-like series of fine 
crypts The area of the growth is oval and is 3 cm in length 

Glycerine agar — At the end of the first week the grow’th is 1 26 cm in diameter 
The central part is convoluted with white, chalky crust-like powder on the surface 
and around the central portion there is a halo of submerged growth 

At the end of the second week, the growth is 2 0 cm in diameter including the 
submerged portion, but otherwise the character is unaltered 

At the end of the third week the growth is 2 75 cm in length It is more folded 
and. shows many furrows distributed irregularly over the surface and the white 
powder appears to be thinner 

At the end of the fourth week, the growth is 3 5 cm in length and the white 
powder IS still further diminished (Plate XXII, fig 13) 

At the end of the sixth week, the central part of one of the tubes shows a 
Secondary faviform growth which is crinkled, glabrous and yellowish in colour 

Both the tubes show slight salmon-pink coloration of the medium. 

Liquid glucose- or maltose-peptone — The growth on liquid glucose-peptone 
(peptone 1 part, glucose 2 parts and water ICO parts) and liquid maltose-peptone 
(peptone 1 part, maltose 2 parts and water 100 parts) are of the same character 
as in other liquid media but the floating portion is whiter m glucose-peptone than 
in maltose-peptone or any other media, where it takes up a brownish colour The 
inoculated masses within the liquid show the same puffy appearance m both of 
these, as m other liquid media 
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Anaerobic culture — On two occasions attempts have been made to grow the 
fungi in Saboilraud tubes , just after the inoculation the tubes were put in Macintosh 
and° Fildes’ jar under complete anaerobic condition Both the attempts were 
unsuccessful, as when they were withdrawn from the apparatus after 2 and 3 weeks 
respectively, they did not grow again in ordinary atmosphere The control culture 
tubes gave a good growth 

Partial anaerobic Two Sabouraud test-tubes were inoculated with 

cultures of the fungus from Sabouraud slopes and partial anaerobic conditions were 
maintained 

At the end of the first week, the growth was 0 75 cm in diameter disc-hke 
with fine velvety down irregularly distributed on the surface, the furrows being 
very superficial 

At the end of the second week, the growth was about 1 25 cm in diameter 
There were alternate lighter and deeper circular zones at the peripheral part and 
five or SIX very shallow, superficial radiating furrows (visible on transmitted hght) 
on the surface 

At the end of the third week, the growth was 1 5 cm in diameter with fine 
velvety chamois-leather surface 

The second tube showed a growth I 5 cm in diameter the centre covered with 
yellowish velvety down to an extent of 3 5 cm along its length and across the whole 
breadth of the slope Furrows were practically absent but thickened areas could 
be seen by transmitted light The nature of the growth was glabrous and covered 
with short velvety down 

At the end of the sixth week, coaiser powder had appeared in patches in a few 
areas on the velvety surface of the growth which was about 3 cm in length in the 
first tube and 5 cm in the second tube 

Cultures of fungus on Sabouraud mallose-'peptone agai with the oxygen supply 
limited by a lubber cap on the mouth of the test-tube — At the end of the first week, the 
growth was faviform, oval and 1 26 cm in breadth by 1*60 cm in length with fine 
white powder on the surface There were about six shallow furrows radiating from 
the central point 

At the end of the second week, the growth is 1 8 cm in breadth by 2 cm in 
length and is crossed by furrows from the central depression The central portion 
was cerebnform and around it there was an irregular furrow which drains about 10 
furrows distributed peripherally in a radiating manner 

Fine fibrillar down had extended on the surface of and inside the medium 
beyond the central portion — to an extent of 0 6 cm on both sides The growth 
was 3 cm in length along the slope 

Fiom the end of the third week onwards the character of the growth did not 
change much The surface growth was about 4 cm in length with fine fibrillar 
down on the surface of the medium, becoming thinner towards the periphery 

At the end of the sixth week, the powdery growth on the surface had extended 
and the whole growth with the peripheral fibrillar portion was about 6 cm in 
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Culture on feather —Feather tribes were inoculated on the rachides of hen 
feathers with a culture talcen from Sabouraud tubes They grew very slowly from 
the inoculated mass and the type of culture is that of an Achonon, though m one 
tube, very fine cobweb-like down was seen spreading along the length of the feather 
and its ridge 

Ammal tnoculahon —The healthy skin of a monkey, a rabbit, a mouse, guinea- 
pigs, and white rats were treated with an emulsion of culture from a Sabouraud 
tube, rubbed in with a blunt glass rod for five minutes over a clipped area 

The monkey and the rabbit both showed lesions on the mnth day On the 
tenth day the lesions were defimte though they were not prominent (photograph on 
eleventh day, Plate XX, fig 4) Later, ten to twelve scutula were definitely 
visible and each of them was roughly the size of a pea, but many of them were 
broken at the top 

On the rabbit, scutula were removed by the animal continuously scratching ' 
itself and bleedmg surfaces were left The lip of the rabbit and a part of the bodj 
other than the site of inoculation became infected by transmission from scratching 
the primary lesions on the back 

The inoculation experiments were totally unsuccessful on the mouse and on 
two difierent white rats In the guinea-pigs there was only scab formation on 
the tenth day , these subsequently exfoliated, spontaneous cure resulting 

Welled-shde culture — We studied the cultures of this fungus in three difierent 
media 

1 Four per cent starch medium (viscid) 

2 Semi-solid maltose-peptone (Sabouraud) medium 

3 Synthetic medium without any amino acid (a modified formula of 

Ozapek) 

In all these micro-cultures there were two types of mycelia — one very thin 
without any end organs and the othet thicker with characteristic end organs 

In 4 per cent starch medium we had a satisfactory result as far as the growth 
of the fungus and its end organs was concerned The dichotomy was very charac- 
teristic on the meristematic part with formation of chandehers such as is found in 
Achonon scMnlemi, and also intercalary and terminal oval or rdund chlamydospores 
were present But some of the terminal chlamydospores were of a peculiar funnel- 
shape, they were yellowish in some cases Aithrospores at close intervals and 
more commonly a few mycelial racquets and pectinate hyphee were present (Plate 
XXIII, figs 14, 15, 16 and 17) 

In synthetic media the mycelia were wavy in places they show ed arthrospores 
in chains and intercalary chlamydospores in masses Terminal chlamydospores 
were also present though they were not very numerous 

In Sabouraud’s semi-sohd medium with 0 2 per cent agar the cultures were 
very satisfactory showing all the end organs Here also some of the terminal 
chlamydospores were of the peculiar funnel-shape and some of them were yellowish 
as in the starch medium Mycelia show'ed alourospores of a type of mycelial hernia 
but no free conidia There were also pectinate hyphee and intercalary chlamp - 
dospores in chains Favic chandeliers in different stages of development were very 
common at the growing part (Plate XXIIl, figs 14 to 17) 



Plate XIX 



ITigs I and 2 Photographs of the patient 



Plate XX 




Fig T Microphotograph of i scutulutn cleared in sodium sulphide solution (x 400) 
I'lo 4 Photograph of monkei eleven days after inoculation 




Plate XXI 
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Fio 5 ,1 actom n sp on Sabournud’s maltose peptone agar, third aveek 

C ,I acfoiii n sp on glucose agar third a\eek 

7 .1 acloni n sp on inspissated serum, fourth u eek 

8 A acloni n sp on dhil agar, third iieek 

„ 0 -4 ncfout n sp on blood agar, third aveek 

I, 10 A acfoiii n sp on Dorset’s egg medium, fourth a\ eek 


Plate XXII 



12 


Fio 11 A actoni n sp on a flask of Sabouraud’s maltose-peptone agar 
fourth week 
„ 12 A schonletnt 

„ 13 A actom n sp on glycenne agar, fourth week 
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Preset mUon of the fungus —It has been shown that the fungus loses its charac- 
teristic chalky or fine powdery surface with age (4 or 5 months onward) and becomes 
alabrous and brown. The fungus maintains this glabrous appearance for a long 
time when not sub-cultured, and sub-cultures from the glabrous growth are them- 
selves glabrous 

The recovery of the fungus from this stage to the normal chalky or fine powdery 
growth can be brought about by breaking the culture into fine pieces and transferring 
it to a liquid synthetic medium * 

Growth in this medium is granular at the bottom of the tube and after a month 
or more a portion transferred to a Sabouraud tube produces a typical growth 



Text fiouee — A adorn n sp Dra-mngs to show dichotomous branching and 
end organs 


[a) Dichotomous branching (6) Intercalary chlamydospores in chains 
chmni} dospores (d) Spccnl funnel shaped cfilamvdospores (e) Favio 
diirerent stages of growth (/) Pectinate hyphw 


(c) Terminal 
chaudebers in 


u 


It will be seen fmm the study of the above culture reactions which have been 
summarized in the Table, that this species sliows distinct differences from the 

it IS accordingly proposed to name it 


* (Modified Crapek’s) 
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Summary 

1 A new species of Achorion has been isolated from a case of favus in India 

2 Iti almost all media growths are faviform and covered with white chalky 
powder which is lost as the growth becomes older after which it is of the typical 
glabrous faviform type 

3 The growths of our species in liquid media are different from that of 
A schonleim, the growth of the latter being granular 

4 The end organs are like those of A schonleim, but there are in addition 
pecuhar funnel-shaped termmal chlamydospores 

5 The fungus is inooulable to the monkey and rabbit, and a slight superficial 
desquamation results on the guinea-pig Mice and rats do not take the inoculation 

6 We propose to name this species Achorion actoni n sp. 
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STUDIES ON TYPHUS IN THE SIMLA HILLS 
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INTRODUCTION 
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The typhus group op fevers 


Numerous researches carried out during the last 20 years have shown that 
typhus fever in one or more of its forms is widely distributed throughout the world 
New facts regarding the epidemiology of the disease aie continually being brought 
to light, and it is felt that a brief summary of the present position may be of value to 
worker^ in India 

"> '“^he so-called classical, historic or epidemic type of typhus has generally been 
classed apart from all the others on account of the fact that it is carried directly 
from man to man by the louse and occurs in epidemic form under circumstances of 
privation, ovei-crowdmg and generally insanitary conditions Recent researches 
have emphasized the essential similarity between the pathology of the classical type 
and that of the various non-epidemic forms of the disease Distinctions based on 
the degree of severity of the clinical symptoms have generally been abandoned, 
since it has been found that this may vary in the same type and in the same country 
at different periods 


Much confusion has been caused on account of the many different names which 
have been given to the various members of the typhus group Megaw (1921, 1924 
1925) has maintained that they should be classified by the name of the arthropod 
vector— louse-typhus, tick-typhus, mite-tj^ihus, flea-typhus— but if this be done 
such names should be reserved for those types in which the vector has been definitely 
proved, otherwise the confusion is likely to be increased A disadvantage of this 
method of classification is that certain types of typhus have been proved to be 
earned by more than one vector , and future research may show that this is true of 
Other members of the group 
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In all the members of the group the sera of the patients have been shown to 
agglutinate one or other of the strains of B proteus X In the following table, 
taken from Felix (1935), a classification of the different members of the typhus 
group is given, based on the antigenic type of the virus, which constitutes a con- 
venient summary of the position as far as is known at the present time — 


Sub qroot 

Type X19 

Type XK 

Type undetermined 

Name or disease 

Classical fpidemic 

TYPHUS 

Japanese river 

FEVER 

Rocky mountain 

SPOTTED PEVFR 


Tabardillo, endemic 
typhus (Brill’s) of 
USA and . 

Australia, Greece, 
Syria, Manchuria, 
Malaya (shop ty- 

phus), and Toulon 
(fi^vre nautique) 

(Tsutsugamushi fever 
of J apan, Malaya 
and Dutch East 
Indies), Malay scrub 
typhus, scriib- 
typhus of East 
Indies 

Sao Paulo endemic tv 
phiis*, hfivro bouton 
neuse, fcbbre ernitivo, 
tick bite fever of S 
Africa, epidemic and 
endemic typhus of S 
Africa, Indian ticJk- 
typhus 

1 

Vfctor 

Lice and rat fleas 

Mites 

Ticks, bee and rat fleas 

Reseevoib or 'hrus 

1 Rats 

Man 

j Field mice and rats 

Rodents 

Dogs 
? Ticks 

Man 

AaQLTmNA'TIOH 

X19 -p-h-l- 

X2 •+ 

XK 

X19 - 

X2 - 

XK -f-P-f 

X19 + 

X2 -f 

XK -1- 


* Sera from cases of Sao Paulo tjphus has been shown to agglutinate X19 and XL (Lima) in 
high dilution, so that it is hardly correct to class it under the heading of ‘ Type undetermined ’ 
(Vide Trap JOts Bull , 32, p 666) 


In the majority of cases the animal reservoir has been shown to be a rodent of 
some kind, and it has been suggested that the different properties of the viruses of 
the various types of typhus have been evolved from a single stock, by passage 
through different insects and hosts 

Zinsser (1936) has drawn attention to the remarkable variety of complex 
parasitic cycles by which the various members of the typhus group are 
communicated to man Tsutsugamushi disease is conveyed to man by the bite of 
the mite, from field mice and rats, and kept alive in endemic regions from field 
mice to field mice by imtes Rocky Mountain spotted fever is conveyed to man 
by ticks, and is hereditarily transmitted by both male and female parents to their 
larvse Hence no animal reservoir is necessary, although, since various animals 
are known to be susceptible, one may exist The fever of Sao Paulo, transmitted 
by ticks in Brazil, is probably identical with Rocky Mountain spotted fever 
Fi^vre boutonneuse, which occurs in the neighbourhood of Marseilles and also m 
Roumania, is transmitted by ticks, and m this case also the virus passes from one 
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generation to the next without the need of an annual reservoir , though here again 
the do-T as well as the rat may act m this capacity finally, in what is known as 
‘ true typhus ’ two distinct types exist, the one earned from man to man by 
the louse, the other (sometimes called the murine type) carried from rat to rat 
by the rat louse and rat flea, by the rat flea on occasion to man, and from man to 
man by the louse The setiological problem of typhus has been further complicated 
by the demonstration of inapparent infections in rats, dogs and man 

In most members of the group the presence of Rickeitsice has been demonstrated 
The researches of Zinsser and his collaborators have shown that RickeitsiCB are not 
highly specialiEed to any form of insect, but can survive for considerable periods in 
insects far removed from one another in zoological relationship 

The results of research in Malaya during the last 10 years are of particular 
interest to workers in India Fletcher and Lesslar (1925, 1926) showed that there 
were two serological types of endemic typhus in that country, the one (urban or 
shop typhus) agglutinating Pioteus X19 strains and not Proteus XK, whilst the 
other (rural or scrub typhus) agglutinates XK strains but not X19 The K ’ or 
Kingsbury strain of Proteus had been brought out to the Malay States as an ordinary 
Pioteus X19 culture in 1923 from the Bland-Sutton Institute, having been obtained 
from the National Collection of Type Cultures in 1921 When used by Fletcher 
and Lesslar, it was found to have changed its character, no longer generating indol 
in peptone water as do the majority of Pioteus strains 

Although the two types of typhus occurring in Malaya are ■•'hiis serologically 
distinct, Anigstein (1933) has described an experiment in which a strain of the XK 
form derived from the blood of a human case apparently became transformed into 
the XI 9 form during a senes of passages through rats and guinea-pigs Again, 
Lewthwaite (1932) has established a strain derived from wild rats, which when 
inoculated mto rabbits produces agglutinins sometimes of the XK form and seme- 
times of the X19 form 

Lewthwaite and Savoor (1934) have shown that in clinical, serological and 
epidemiological features tsutsugamushi disease in Malaya and rural or sciub tyyhus 
are closely similar, and conclude that ‘ the viruses of the two diseases are identical 
one with another, and with the Rtbletlsia onentahs described by Nagayo" and his 
co-workers as the causal organism of the tsutsugamushi disease of Japan’ 


Typitxjs fever in India 

Husband and MeWatters (1908) pubhshed an account of outbreaks of typhus 
fever in Peshawar The disease broke out in 1905 in the First Mule Corps, which 
had jhst returned from Tibet, anfl in 1906 there was a further epidemic affecting 
the First and later the Sixth Mule Corps, about 120 cases being recorded m that 
year These authors also mention further isolated cases in the following winter 
in men vho had returned from leave from various places m the neighbourhood’ 
They refer to the occurrence of the disease in Kashmir in a valley at an elevation of 
8,000 feet above sea-level, iihere it was veil known among the natives The same 
author note that epidemics which were probably typhus were described more 
previously in the Yusufzai country and in Kohat, that the disease was 
identified by Fairweather in Rawalpindi Jail, and had often been recognized in 
Peshawar Jail At the Indian hledical Congress of 1894 it was stated thaftyplms 
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was endemic m the trans-Indus districts from Baluchistan to Yusufzai and Hazara, 
and in the Himalayan Hill Tracts, more especially Kulu (Hendley, 1894 , Pisan/ 
1894) ’ 

All the epidemics referred to above occurred in the winter, from January to 
April, usually in the last three of these months In the Peshawar epidemic the 
disease spread from one troop to another almost as readily as within the same troop 
Among the contacts many cases occurred, there being several instances in vhicli 
all the contacts, 4 or 5 in number, were attacked A detailed account is given of 
the clinical symptoms, and whatever doubts may arise regarding the records of 
earlier epidemics, there can be none with respect to the character of the disease here 
described as typhus fever 

Hepper (1908) recorded 6 cases in Peshawar Jail in March of that year The 
outbreak ceased on the adoption of drastic methods of disinfection, including the 
subjection of the iron cots to intense heat, and the burning of straw on the floors of 
the rooms, the object being to destroy bed-bugs, which were suspected to be vectors 
of the disease 

Bradley and Smith (1912) described a case of typhus-like fever in a European 
soldier stationed at Jaffarpur camp, near Calcutta Apart from this, there appears 
to be no further reference to the disease in India until McKechnie (1913) made his 
report on a series of 26 cases occurring in Bhim Tal and Sat Tal in the Kiimaon 
Hills, chiefly among the servants of European visitors 

In 1917 Megaw published an account of his own case, which he described as 
resembling Brill’s disease He contracted his illness in the same district where 
McKechnie’s cases had occurred, and had been bitten by a tick 21 days before the 
attack Pie suggested that the tick w'as probably Uhijncejilmlus saiigxmevs or 
Hyalomma cegypUcnm, and also that the fei er described by McKechnie should be 
classed with Rocky Mountain spotted fever and Bull’s disease as a sub-group of 
typhus fever 

Phipson (1923) gave a detailed account of an outbreak of typhus in Simla, 
occurring between 10th November and 16th Eebruary It comprised 16 cases, 
restricted to a single family, with a case mortality of 37 per cent It was thought 
that the virus had been introduced by a healthy third party from a focus of infection 
25 miles away, probably by means of infected lice The sera of 12 of the cases were 
tested by the Weil-Eelix reaction against B proteus Xl9, and all gave some degree 
of agglutination, the highest titre recorded being over 1 2,C00 The sera of ICO 

healthy persons tested as controls gave no trace of agglutination in a dilution of 
1 16, in any case 

During the winter of 1923-24, Major F W Gragg, IMS, investigated an 
epidemic of typhus, believed to be louse-borne, in Kashmir He fell ill with 
symptoms of typhus on his way back to Lahore, where he died on 23rd Apnl, 
1924 

The various papers published by Megaw led to the recognition that fevers of 
the typhus group occur in widely separated parts of India, and cases have been 
reported from Calcutta, Angul (Orissa), Dacca, Darjeeling, Kalimpong, Ahyab, 
Thayetmyo, Rangoon, Hyderabad (Deccan), Nagpur, JuBbulpore, Saugor, Ba^ghat, 
Pachmarhi, -Kamptee, Mut-Kuli and Padriganj (Central Piovmces), Allahabad, 
Hamirpur, Cawnpole, Debra Dun, Rutlam, Bellary, Trimulgheiry, Secunderabad, 
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Txichmopoly, Bangalore, Poona, Ahmednagar Madras Hall Tracts, Delhi, Mnrxee, 
Malakand, Gilgit, Hyderabad (Sind), Kasatih, Sabathu and Dagsbai (Sarnia Hills) 
During the last few years a number of cases have been recorded among the 
troops m Indip, and Boyd (1936) has analysed a series of 110 cases which occurrad 
in the Army in 1934 Serologically these were grouped as 43 XK cases, 14 
cases, and 51 X19 cases Boyd concludes from the absence of co-agglutinins that 
the XK group IS distinct , that the X2 group, in which co agglutinins regularly 
occur, probably does not have X2 as its mam antigen, but as a group xeacticm to 
some other virus , and that the same applies to the Ahmednagar-Poona type of XI 9, 
whilst the Bangalore type of X19 is probably distinct He thinks it possible that 
the X2 and X19 cases may have one unknown main antigen m common, and that 
the varying X2 and X19 titres are either individual idios} ncrasies in a ^roup 
reaction, or are related to the passage of the virus through different vectors 


Typhus pever in the Simla hills 


The winter outbreak of typhus fever in Simla amongst a veiminous family 
of Mohammedan vegetable sellers described by Phipson (1933) has already been 
discussed MacNamara (1935) has given an account of 15 cases which occurred 
among British troops in Kasauli and the neighbouring cantonments of Sabathu 
and Dagshai in 1934 This was the third successive year in which a series of cases 
of typhus had occurred among the troops in this area In 1932 there were 5 cases 
with 2 deaths at Sabathu In 1933, there were 10 serologically proved and 
4 clinically positive cases distributed among the three cantonments 

In 1934, the first case commenced on 27th August, and the last on 1st October, 
the same seasonal period as in the twm previous years All the cases gave positive 
results with OXK by the Weil-Felix test, in titres varying from 1 150 to 1 25,CC0 
All gave negative results with 0X19 In no case was any infestation of the person 
or clothing of the patient by any insect noticed In 12 of the cases there was no 
history of any bite One case is noted as being ‘ badly bitten on the legs and 
another had been bitten by some insect behind the right ankle 14 days Tiefore 
admission to hospital A third case, which the writer had the opportunity of 
examining closely, had developed a patch of dermatitis in the right lumbar region 
a few days before his attack This was intensely irritating, but not painful (as is 
erroneously stated by MacNamara) 

There is but little evidence as regards the incidence of the disease among the 
local population It is known that fevers are prevalent during the month of 
September, but it has beCn assumed that these were of the typhoid group One 
case occurred in an employee of the Central Besearch Institute in September 1934, 
which gave a positive Weil-Felix reaction for OXK in a dilution of 1 2,500, and 

it IS probable that other cases formerly diagnosed as typhoid fever were really of 
the typhus group * 


Two other cases, one a sub-assistant surgeon, the other a clerk, occurred durme 
the winter of 1934-35 These both gave high titre agglutination with 0X19, but 

The former case had returned from leave in the plains 


w ere negative w ith OXK 


present time (September 1935) there are two Indian patients m the 
Hospital, Kosauh, auSermg from typhus (XK type) parients in the Cantonment 
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17 days before tbe onset of fever, but tbe incubation period of tie typbxis group is 
usually not more than 12 days, and it is probable that in both cases tbe disease v as 
contracted in Kasauli 

Thus it appears that in tbe Simla Hdls, as in Malaya, there exist tv o t3'pes of 
typhus fever, the serum of one agglutinating strains of Proteus "KK and not X19, 
whilst that of the other gives the opposite reaction But, whereas in Malaya both 
types occur all the year round, m the Simla Hills each has a very definite seasonal 
incidence, the XK type occurring during the two months immediatelj'^ follovixig 
the rainy season, and the Xl9 cases occurring in mid-winter and early spring 
Both types usually occur in sporadic form, but the winter type may cause group 
outbreaks or epidemics as m the case of that described by Phipson (loc cil ) 

As to the vector or vectors, in the majority of cases there is usually no definite 
history of an insect bite The XK type of the disease occurs at a time v hen 
mosquitoes sand-flies ticks and fleas abound and are biting freely, so that in any 
case the history of an insect bite would not be remarkable There is annually a 
great increase in the number of fleas just after the end of the rams A strain of 
typhus has been isolated from rat fleas during the present investigation, but much 
more experimental work is necessary before it can be stated with certainty that 
the flea is the usual vector of the disease 

With regard to the winter cases, the evidence suggests that the virus is tians* 
Uutted by an insect which normally seldom infests man, such as the rat flea But 
under conditions of extreme msanitation and poverty, as in the case of the Simla 
outbreak referred to above, transmission from man to man may be carried out 
via the louse, as in eastern Europe This vould explain the outbreahs recorded 
in the jails of northern India and the epidemic described by Husband and 
MeWatters m whibh the virus behaved like a contagious disease 


Summary 

(1) A brief account is given of the aetiology of the typhus group of fc^ ers, 
and the history of typhus fever in India is reviewed 

(2) In the Simla Hills there exist two types of typhus, the one (XK tipe) 
occurring during the two months immediately following the rams, the other (X]9 
type) occurring in mid-winter and early spring The lattei type has been hnovn 
to occui in epidemic form The epidemiological evidence as to the insect vector 
IS briefly discussed 
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STUDIES ON TYPHUS IN THE SIMLA HILLS. 

I 

Part 11. 

THE WEIL-FELIX EEACTION IN WILD EATS 

BY 

Lieut -Colonel G COVELL me, e p h , i m s 
{Inquiry under the Indian Research Fund Association ) 

[Received lor publication, September 30, 1935 ] 

During the period 27th May to 15th August, 1935, the sera of 524 wild lats 
[Raltus rattus group) were exauuiied by the Weil-Eelix test The rats were trapped 
at Kasauh, chiefly in the bazaar (246), Pasteur Institute Estate, 500 feet below 
Kasauli (79), Gathhal village, 3 miles from Kasauli (36), and Sabathu, about 8 miles 
from Kasauli (164) Trapping at Sabathu was not co mm enced until 12th June 
Eor the Wefl-Eelix reaction, concentrated alcoholized suspensions of Proteus X 
strains, obtained from the Enteiic Laboratory, Kasauli, were used All sera 
were tested against suspensions of 0X19 and OXK, but only 122 against 0X2 
The Dreyer’s tubes were kept in a water-bath at 50°C to 52°C for 4 hours, and then 
in an incubator at 37°C for 18 hours, being returned to the water-bath for a few 
mmutes before the results were read, as recommended by Bridges (1935) The 
lowest dilution of serum put up was 1 25 The results of the test for 0X19 and 
OXK are summanzed in Table I — 


Table I 


Titre 

0X19 

OXK 

Number 

. Percentage j 

I Number 

Percentaae 

No trace, 1 26 , 

416 

79 4 

1 

0 2 

16-22 

29 

65 i 

3 

0 6 

25-45 

33 

63 ! 

55 

10 5 

50-110 

30 

57 

397 

75 8 

125-225 f 

10 

1 9 

57 

10 7 

250 and over | 

6 

1 1 

11 

21 

Totals 

624 


524 



( 709 ) 
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In about 80 per cent of the cases there was no trace of a reaetion with 0Xl9 
in the 1 25 tube, whereas it was usual to obtain standard or total agglutination 

in the 1 50 tube with OXK It is probable that agglutination in a dilution of 

1 50 with 0X19 and 1 125 with OXP constitutes evidence of infection with a 

typhus strain in rats, but it was considered preferable to adopt a standard of 1 125 

and 1 250 respectively, which yiel/ded a positive result in 4 2 per cent of the cases 
Anigstein (1933),' who adopted a standard of 1 125 for both 0X19 and OXK, 

obtained positive results in Malaya with this standard in 10 7 per cent out of 130 
wild rats trapped in an endemic rural typhus area 

As regards the 122 sera tested against 0X2, 66 4 per cent gave no trace of 
agglutination in a dilution of 1 25, whilst a further 26 per cent yielded a titre of 

less than 50 In no case was the titre of 0X2 the highest of the 3 strains tested 

The titres of the 22 sera which gave a reaction of 125 and over with 0X19, or 
250 and over with OXK, are given in Table II The results suggest that infection 
with both X19 and XK strains of typhus existed among the wild rats in this area, 
throughout the period of observation Yet only XK cases have been recorded 
among human beings in the period August to October, and only X19 in v inter 
Anigstein (1933) obtained similar results, about half of his positive cases among 
rats being of each strain, although only XK cases occurred among human beings 
in the area where they were trapped Possibly the character of the strain may be 
modified by passage through the arthropod vector 


Table II 


Date 

^ Number of 
rat 

Locality 

1 Wfii Felix seaction 



0X2 

2nd 

June 

32 

Pasteur Estate 

125 

85 

Not tested 

5th 

>» 

47 

Kasauli 

350 

85 

Not tested 

6th 


66 

Kasauli 

125 

125 

Not tested 

8th 

>> 

68 

Garkhal 

250* 

200 

Not tested 

21st 

ff " 

128 

Pasteur Estate 

800 

2,000 

200 

23rd 

>> 

145 

Kasauli 

0 

250 

0 

2nd 

July 

199 

Sabathu 

126 

86 

17 

4th 

ff 

220 

Sabathu 

125 

70 

20 

11th 

tr 

271 

Sabathu 

1,000 

1 750 

1,000 

11th 

>f 

272 

Sabathu 

1,000 

1,500 

1,000 

nth 

■SI j 

273 1 

Sabathu j 

900 

700 j 

500 


* This serum was not put up beyond a dilution of 1 260 
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Table II — concld 


Date 

Number of 
rat 

Locality 

WtiL Eeiix BEAtmOX 

0X19 

OXK 

0X2 

16th J uly 

329 

Sahathu 

125 

70 

Not tested 

16th ,, 

333 

Sabathu 

175 

35 

0 

17th „ 

337 

Pasteur Estate 

55 

300 

276 

19th 

364 

Pasteur Estate 

0 

360 

0 

21st „ 

391 

Sabathu 

50 

1,000 

250 

23rd „ 

399 

Sabathu 

50 

250 

Not tested 

25th „ 

423 

Sabathu 

125 

70 

Not tested 

25th „ 

427 

KasauU 

175 

800 

600 

2nd August 

601 

Kasauli 

125 

125 

Not tested 

6th 

515 

Pasteur Estate 

0 

250 

Not tested 

12th 

1 / 

666 

Kasauli 

125 

1,000 

500 




According to the standard adopted in Table II, the index of rats showing 
infection on the Pasteur Institute Estate was 6 3 per cent, at Sabathn 6 1 per cent, 
at Garkhal 3 per cent, and at Kasauli 2 4 per cent 

It was noted that the 7 sera which yielded the highest titre all showed a consid- 
erable degree of hemolysis The converse did not hold true, there being a number 
of sera which showed haemolysis, but gave no more than the usual reaction 

The testicles of 200 rats were examined macroscopically, but in no instance 
was there any evidence of a scrotal reaction comparable with that produced by the 
experimental infection of guinea-pigs In one case only there appeared to be some 
injection of the tunica vaginalis, with a slight increase m the amount of exudate 
This IS contrary to the experience of Anigstein (1933), who noted enlargement and 
injection of the testicles with hemorrhagic exudate into the tunica and occasional 
hemorrhages into the polar fat in 9 out of 200 rats trapped in an endemic rural 
typhus area in Malaya 

The sera of 11 mice {Mus musculus) and of 14 squirrels [Sciwus palmarwn) 
gave Weil-Felix reactions similar to that usually obtained with wild rats, i e , no 
agglutination with 0X19 in a dilution of 1 25, but usually standard or total 
agglutination with 0X19 in the 1 50 tube Hone exceeded this titie Xormal 

guinea-pigs and white rats gave reaction^ of a similar order 

Normal rabbits, however, showed a marked difference Out of 53 tested, 
only one show cd any trace of agglutination with 0X19 , whilst with OXK, 36 
w ere completely negative, and of the remainder none showed any trace of aaelutina- 
tion beyond a dilution of 1 25 
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Summary 

(1) The results of the Weil-Felix tests on 524 wild rats trapped in KasauJi 
and the neighbourhood are detailed The usual result vas nil m a dilution of 
1 25 with Proteus 0X19, and standard or total agglutination in the 1 50 lube 
with OXK 

(2) In 22 cases there was agglutination in a dilution of 1 125 or o^er vith 

0X19, or 1 < 250 or over with OXK This is considered to indicate evidence of 
infection with a typhus strain By this staridard the index of rats shoving infec- 
tion at the Pasteur Institute Estate was 6 3 per cent, at Sabathu 6 1 per cent, at 
Garkhal 3 per cent, and at Kasauli 2 1 per cent 

(3) Results of the Weil-Felix test in the case of a number of mice, squirrels, 
white rats, guinea-pigs and rabbits are also given 
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STUDIEvS ON TYPHUS IN THE SIMLA HILLS. 

Part III 

A STRAIN OF TYPHUS RECOVERED FROM WILD RATS 


BY 

Lieut -Colonel G COVELL, m d , d p h , i m s 
[Inquiry under the Indian Research Fund Association } 

[Received for publication, September 30, IDS’) ] 


The Virus of typLus fever Las been demonstrated in the brains of wild rats m 
Mexico, the United States, the Mediterranean basin (Toulon, Piraeus, Alexandria, 
Synal, Manchuria, Malaya and South Africa 

In the present investigation attempts were made to establish a strain (1) by 
inoculating emulsions of rats’ brants into the anterior chamber of the eye of rab- 
bits, by the method of Nagayo and his collaborators (1931) and (2) by inoculating 
emulsions of rats’ brains intraperitoneally into guinea-pigs Five attempts to 
produce a specific ocular reaction in rabbits, two animals being used on each 
occasion, failed although in two rabbits a positive Weil-Felix reaction resulted 
Out of nine attempts to infect guinea-pigs intraperitoneally, two to four annuals 
being used on each occasion, one experiment resulted m a single guinea-pig develop- 
ing a moderate rise of temperature from the 13th to 15th days, accompanied by a 
slight scrotal reaction, whilst another resulted in the establishment of a strain in 
guinea-pigs, as recorded below 

Workers in Malaya had experienced great difficulty in estabhshing strains of 
typhus in laboratory animals until Lewthwaite (1932) used guinea-pigs fed on a 
vitamin-deficient diet, as recommended by Zinsser, Castaneda and Seastone 
(1931) It was feared that a similar difficulty might be experienced here and 
the guinea-pigs were therefore placed on a diet of bran and gram only , but this 
regime had only been instituted on the day the animals in which the strain was 
initiated were inoculated s'o that it could have had liitle or no effect on the course 
of the’ first passage After the first few passages, a normal diet was given and 
infection Was secured without difficulty 

( 713 ) 
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On 24t]i July, 1935, four guinea-pigs were inoculated 
pooled emulsion in normal saline of the brains of 3 wild rats, 
at Sabatbu Tlie sera of the rats gave the following Weih 



0X19 

OXK 

Rat ^07 

100 

45 

Rat 309 

50 

250 

Rat 402 

100 

70 


Guinea-pigs I and II developed fever on the 7th day, followed by a t5’’pical 
scrotal reaction on the 8th Guineu-pig III, which had lost over 25 per cent of its 
weight since the date of inoculhtion, died on the 8th day , whilst guinea-pig IV, 
which had lost 20 per cent of its weight, showed a febrile reaction on the 7th dav, 
and died suddenly on the 8th day whilst its temperature was being recorded 

The two surviving animals were killed for passage on the 11th and 13th days 
after inoculation respectively The strain, which is now in ils 10th passage, has 
been maintained in guinea-pigs chiefly by the inoculation of spleen emulsion or 
testicular washings intraperitoneally, as these appear to be more virulent than 
brain emulsion oi blood 


intraperitoneally with a 
which had been trapped 
Felix reaction — 


Reaction in the guinea-pig 

During the couise of the investigation, 76 guinea-pigs have been inoculated 
with the rat strain virus Of these, 15 showed no symptoms, 48 reacted with 
scrotal inflammation and fever, 10 with fever only, whilst 3 died between the 6th 
and 8th days with no symptoms except loss of weight The incubation period 
was usually from 5 to 8 days the shortest period observ’-ed being 4 days and the 
longest 12 days The length of the incubation period varied considerably according 
to the material inoculated The average periods were testicular washings 4 9 
days spleen emulsion 5 8 days, brain emulsion 9 3 days Blood was used as the 
inoculum m 4 cases but none of the animals reacted AH^the inoculations into 
guinea-pigs were given intraperitoneally , 

The fever generally began abruptly, the temperature rising to about 103°F 
within 24 hours, but it was exceptional for it to exceed 104°F at any time During 
the first 4 passages it was unusual for the pyrexia to persist for more than 3 or 4 
days, but in the later passages it has continued for 10 to 12 days on several 
occasions 

Loss of weight was by no means a constant feature, though frequently about 
20 grammes was lost during the febrile period, this being usually regained by the 
end of the second week after inoculation On 3 occasions thete was progressive 
loss of weight, without fever or scrotal reaction, commencing on the third or fouith 
day and terminating in death on the sixth to eighth day, by which time the animal 
had lost 25 to 30 per cent of i.ts weight Post-mortem examination of one of thesej 
animals showed haemorrhages in the lungs, injection of the tunica vaginalis and 
enlargement of the testicles Passage of the brain into another guinea-pig resulted 




Platjs XXIV 



Fia 1 Gemtalia of normal male gumea pig 



Fig 2 Scrotal reaction m gninea pig Same 
acale as above 
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m fever and typical scrotal reaction on tlie nmtli day, and niimerous RicketisiCB 
were seen in scrapings from tke tunica vaginalis 

The typical scrotal reaction was observed m 63 per cent of the cases, but there 
were marked variations in its frequency in different passages Thus, out of 41 
anunals used in the 3rd, 6th, 6th and 7th passages, 37 (SO per cent) showed this 
reaction, whilst out of 10 animals used m the 4th and 8th passages only 3 
reacted in this manner The onset was generally sudden, usually coinciding with 
the rise in temperature, though it sometimes preceded or followed this within 
a few hours It was a common experience to observe a slight swelling of the 
scrotum, perhaps on one side only, in the evening, and to find the whole organ 
greatly swollen and inflamed on the following morning {see Plate XXIV) At the 
height of the reaction the skin over the scrotum was usually dusky red and shiny, 
and sometimes the oedema involved the prepuce also Occasionally there were 
petechial spots on the surface, and on one occasion there was a purple haemorrhagic 
patch involving the whole of one side of the scrotum The swelling and inflamma- 
tion usually subsided as abruptly as it had begun, and there was often no outward 
sign of it by the fourth day after the first symptoms had been noticed 

On incising the skin, the tissues were found to be oedematous and adherent, 
rendeiing dissection somewhat difficult On opening the tunica, the panetn^ 
layer was always found to be much thickened and inflamed, and frequently shoved 
haemorrhages Sometimes it was difiicult to strip the parietal from the visceral 
layer, and if the process had lasted 3 or 4 days the surfaces not infrequently presented 
a ‘ bread and butter ’ appearance when pulled apart The testicles were 
injected and enlarged, and there were often haemorrhages into the polar fat There 
was also an increase in the exudate which W’as usually haemorrhagic and sometimes 
gelatinous If the post-mortem was delayed until some days after the symptoms 
had subsided, there was generally but little sign of anything abnormal, except for 
some thickening of the parietal tunica 

In the majority of cases haemorrhagic changes were noted in the lungs, ranging 
from nunute petechias to haemorrhagic infarction The spleen was generally 
congested, with prominent tubercles, whilst in a number of cases a greyish film of 
exudate was noted on the surface Congestion of the meninges of t& brain was a 
constant feature 


Smears were prepared from scrapings made with a knife from the tunica 
vaginalis of guinea-pigs which showed a scrotal reaction, but considerable difficult} 
was at first experienced in demonstrating the presence of RicleitsiCB satisfactonl} 
In preparations made at the height of the scrotal reaction the whole field was 
frequently obscured by the presence of enormous numbers of granules, staining 
red wuth Giemsa, which Mooser (1928) has shown to be derived from destroyed 
endothelial leucocytes It was not until preparations were made from the tunica 
vaginalis of white rats, killed arbitrarily on various days from the 5th to the 13th 
after inoculation, that a satisfactory demonstration of intracellular organisms was 
no Subsequently, equally good results were scoured from guinca-nns 

killed immediately the scrotal reaction was noticed 'The best results w ere obtained 
with unfixed smears, thoroughly dried and stained with Giemsa for 21 to 3 hours 

seen showed a xery close resemblance to those described as 
Rickeitsice by other workers and a comparison of the smears with preparations 
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made from the tunica of rats infected with the mnnne type of Mexican typhus 
kindly sent by Dr H Mooser, left no doubt as to their character The followmc 
forms were seen — 

(1) Minute bacillary forms This was the type most frequently seen within 

the endothelial cells They were usually in diplo-bacillary form, 
and stained blue or light purple with Giemsa Sometimes they 
were joined at an obtuse angle, and occasionally they were aiianged 
end to end in chains On two occasions a filamentous type, presu- 
mably formed in this way, was seen within an endothelial cell 

(2) Somewhat thicker and longer forms with rounded ends, showing distinct 

bipolar staining 

(3) Slender rods of varying length, containing metachromatic granules 

As a rule, where numbers of intracellulai organisms were present, it was cxcej - 
tional to find extracellular forms, except where these were in a group obviously 
spilled from a ruptured cell Conversely, where extracellular forms weie scattered 
throughout the smear, it was rare to find intracellular forms also In some 
preparations certain cells were crammed with organisms to such an extent as to 
obscure the nilcleus of the cell 

Reaction in the white rat 

During the investigation 29 white rats were inoculated intrapentoneally with 
passage virus from guinea-pigs, either sjileen emulsion or testicular washings being 
used Of these, 8 were killed for experimental purposes on or before the 10th day 
Of the remainder 10, or nearly 50 per cent, died between the 11th and I6fh days 
The brain of one of those which died on the 12th day was passaged into a guinea- 
pig, which developed typical scrotal reaction and fever on the 5th day Th6 
sera of thtee which were found in a dying condition between the I3th and 161h 
days gave a positive Weil-Felix reaction for 0X19 in dilutions of 1 500 (tvo) 

and 1 350 (one) It seems probable that most, if not all, of the deaths uere due 

to infection with typhus virus 

In only one case was any rise of temperature noted This animal had fever 
from the 8th to 12th days after inoculation, and died on the 16th day It is evident 
that pjirexia is rare in white rats infected with this strain of typhus 

In no case Was any sign of a scrotal reaction observed, although typical intra- 
cellular RichetisKB were found in scrapings f];om the tunica vaginalis of animals 
killed from the 5th to I3th days after inoculation 

The sera of 19 rats tested for the Weil-Felix reaction between the 9th and 
21st days showed agglutination for 0X19 in 13 cases The highest titles observed 
were 1 500 (twice, on the 15th day) and 1 1,000 (once on the 16th day) None 

showed any significant agglutination for OXK Nour sera tested before the 9th 
day gave negative results with both 0X19 and OXK 

Reaction in the rabbit 

The pooled brain emulsion from the 3 wild rats from which the strain was 
initiated was inoculated into the anterior chamber of the eye of two rabbits 
Neither developed any sign of a specific ocular reaction The sera of the two 



Table 1. 

Results of Wetl-Fehoc tests tn rabbits 
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animals before modulation was completely negative to both 0X19 and OXK (1 25 
dilution), but one of them gave a reaction witb OX'K from 1 70 to 1 50 between 
tbe 14tli and 24tb days Eigbt rabbits were inoculated mtia-ocularly with testi- 
cular washings from first passage guinea-pigs, but none developed the specific 
ocular reaction, nor did any of them show a positive Weil-Eellx reaction 

Ten rabbits were inoculated intraperitoneally with emulsions of spleen only, 
or of a mixed emulsion of spleen biam and testicles of passage guinea-pigs The 
results of the Weil-Eelix tests on these animals are given m Table I. 

As has been found by other observers, none of the rabbits showed any s} mp- 
toms as the result of the inoculations although the dose uas a large one Each 
of the last 5 animals received an emulsion containing the whole spleen of a passage 
guinea-pig aud the remainder an approximately equivalent amount of a pooled 
emulsion of different organs 

Reaction in the monkey 

Two monkeys [Silenus (Macacits) ihestcs] were inoculated subcutaneously with 
a mixed emulsion of brain, spleen and testicle from a passage gUinea-pig One 
received 10 c c and. the other 5 c c of the emulsion The former showed a rise of 
temperature to 103 2°E on the 8th day, 103 6°E on the 9th, and 1C4 0°E on the 
10th, after which it dropped to normal (i e , 101 6°E to 102 5°E) This monkey 
gave a Weil-Eelix reaction for 0X19 of 1 55 on the 10th day, 1 200 cn the 16th 
and 1 175 on the 20th The other animal showed no pyrexia, but its serum 

agglutinated 0X19 in a dilution of 1 50 on the 10th day {see Table ID 

Table II 


Results of Wetl-Fehx tests tn monleys 


Days after 
inoculation 

1 

Monkey No T j 

i 

Monkey 

No IT 

1 

0X19 1 

1 

OXK 1 

0X19 

OXK 

0 

0 

' 1 

0 

25 

35 

10 

60 

25 

55 

26 

15 

35 

25 

200 ' ^ 

1 25 

20 

23 

25 

175 

17 

25 

n 

25 

85 

; 

30 ' 

17 1 

26 

60 

33 

35 

0 

17 

50 

25 

40 

0 

20 

50 

25 
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Neither animal showed any sign of illness Blood was taken from the monkey 
which had fever on the 10th day after inoculation, and 2 c c was inoculated intra- 
pentoneally into each of two guinea-pigs One of these reacted with scrotal reaction 
and fever on the llth day The spleen of this animal was passaged into another 
guinea-pig, which developed typical scrotal reaction and fever on the 9th day, 
after which the strain was dropped A rabbit inoculated with a mixed emulsion 
of spleen and bram from the first gumea-pig gave a Weil-Felix reaction for 0X19 
of 1 125 on the 15th day 


SeroIiOGIcal reactions oe the strain 

The AV’eil-I'ehx reactions given by the 3 mid rats from which the strain v as 
initiated suggest that two of them were infected with an X19 type and the third 
with XK One of two rabbits which were inoculated intra-oculaily with the pooled 
emulsion of the brains of the 3 rats gave the Weil-Felix reactions shown in 
Table III — 

Table III 


Results of WeiUFehx tests m rabbit 39922 


Days after 
inooulatiou 

Weil-Feux reaction 

0X19 

OXK 

0 

0 

0 

9 

0 

0 

14 

0 

1 

70 

19 

0 

60 

24 

0 

50 

29 

0 

15 


This was the only animal which gave a positive reaction with OXK during 
the investigation 

On the other hand, positive reactions with 0X19 have been given by 13 vhite 
rats, 7 rabbits and 2 monkeys In the case of the rabbits and monkeys, where 
repeated tests were caiTie^d out on each animal, the typical waxing and waning 
curve of the IVeil-Belix reaction, regarded as diagnostic of typhus infection by 
Fletcher and Lesslar (1926), was noted The highest titres recorded were 
1 1,000 (once in a rabbit, once in a white rat), and 1 600 (once in a rabbit, twice 
ill white rats) 

It seems probable that the strain was originally a mixture of two types one 
producpig agglutimns for Xl9, the other for XK, but that the XK type died out 

nffnr fno fiTRf. -n^icoorm a 
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The sera of 21 passage animals were tested against X2, but none gave a 
significant reaction 
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Summary 

(1) A strain of typhus has been recovered from the brains of wild rats trapped 
in an endemic typhus focus, and it is now in its 10th passage in guinea-pigs 

(2) Typical scrotal reaction and fever has been observed in 63 per cent of the 
guinea-pigs inoculated with the virus 

(3) Intracellular orgamsms exhibiting the characters described as typical of 
Rickettsice by other workers on typhus have been found in scrapings from the tunica 
vaginalis of guinea-pigs and white rats infected with the virus 

(4) The reactions produced in rabbits, white rats and monkeys are described 
The white rat is particularly suitable for demonstrating RtcJcettsiCB and for the 
Weil-Felix test 

(5) The serological reactions of the strain are described 
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SPONTANEOUS TUBEECULOSIS IN LABOEATOEY 

MONKEYS 

BY 

K V KRISHNAN, mb, bs, mbcp, db, dsc, 

Professor of Malanologij and Rutal Hygiene, All-India Institute of 
Hygiene and Public Health, Calcutta 

[Reoeiveil for publication, September 30, 1935 ] 

A FATAL outbreak of spontaneous tuberculosis occurred among the monkeys 
of the Malaria Department of the AU-India Institute of Hygiene and Public Health, 
Calcutta, dunng the year 1934-35 In this outbreak 14 out of 15 monkeys died 
after an average contact of 35 weeks with tubercular guinea-pigS which were being 
kept in the same room The circumstances leadmg to the outbreak being interes- 
ting it was considered worth while publishing a detailed account of them, together 
with the post-mortem and other findings made in the course of the investigation 
During the years 1932 to 1934 the experimental monkeys belonging to the 
writer were housed in the ground floor animal-room of the Institute In those 
years his monkeys shared the animal-room with the mice and hamsters of the 
Kala-azar Department Although in all over forty-four monkeys were kept in 
the room for periods varying from 3 to 12 months and at death of the animals 
post-mortem regularly performed, only one animal was detected to be suffering 
from tuberculosis The history of this monkey was as follows Soon after its 
arrival it was used in a malaria experiment A month after its recovery from 
the disease, splenectomy was done It had a severe relapse of malaria, developed 
hsemoglobinuria and died Post-mortem showed scattered, multiple caseating 
tubercles in the lungs and tracheo-bronchial glands It was a Silcnus iius monkey 
that had recently been imported from Singapore and inquiries suggested that it 
might have contracted the tubercular infection either during the voyage or prior 
to it As none of the other animals obtained from the same dealer showed any 
evidence of tubercular infection the presumption was that the infection was not 
contracted by the animal while under the care of the ammal-dealer In April 
1934, tlie writer began to house his monkeys in the animal-room on the first floor 
of the Institute At the time one-half of this room was bemg occupied by guinea- 
pigs belonging to the Tuberculosis Inquiry The writei lelt that it was unsafe to 
keep his monkeys with tubercular guinea-pigs because of the leady susceptibility 
of the former to the disease But, as accommodation w’as limitdd and as his monkeys 
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could not be boused elsewhere, they were kept along with the tubercular animals 
Tbe monkeys were kept singly in iron cages and these were arranged in rows one 
foot apait on the floor in one-half of the room In the other half the guinea-pigs 
were kept in small non cages on shelves These shelves were hept three feet or 
moie away from the monkey-cages A sketch of the animal-room and the arrange- 
ment of the cages is gnen in Plate XXV Two animal attendants looked after 
the animals , the nionkeys were cared for by one and the guinea-pigs by the other 
Thus there was no chance of infection bemg conveyed to the monkeys through 
careless handling or mixing up of food by the attendants But on the other hand 
there was every likelihood of contamination of the food occurring by contact with 
the floor of the room The monkeys invariably upset the trays containing their 
food and later picked up the food from the floor The earlier infections at least 
were probably contracted in this way Out of a total of 21 monkeys brought into 
the room fiom time to time in hatches (9 m April, 4 in August, 4 in December and 
4 in May) and belonging to three species (S rhesus, S trus and S radiatus) 
SIX died within 4 to 8 weeks of arrival of induced malarial haemoglobmuria, and 
post-mortem examination of these showed no evidence of tuberculosis Of the 
remaining 15, 14 contracted tuberculosis and died The first died at the end of 
four months (in September 1934) and second two months later (in November 
1934) After this deaths occurred at varying inteiva’s tdl all the animals except 
one had died of the disease The monkey that escaped infection was a Stlenus 
radiatus The following is a brief histoi} of the tubercular monkeys and their 
post-mortem findings — 


1 Stlenua icuUatus (Rd,) uas the first niontej' to die of tuberculosis It vas brought into the 
animal room on 12th April, 1934, received cholesterol and olive oil by mouth for six weeks and then 
used in malaria e\periments It suffered from Plasmodium knowksi infection off and on for a period 
of 12 weeks and then recovered completely from it On 29th Julv, 1934, it was splenectomizcd but 
no relapse of malaria occurred Although it was looking perfectly normal previously it was found 
dead on 18th October, 1934, and postmortem revealed evidence of widespread tuberculosis On 
opening the chest a large caseating mass involving the ribs, sternum and skin was found The pus 
from it contained acid fast bacilli Both lungs w ere studded with small caseating tubercles and the 
tracheo bronchial glands w ere also infected In the abdomen the mesenteric glands w ere found 
caseating and acid fast bacilli were found m their smears The hv er, spleen and kidneys show ed no 
macroscopic lesions The intestine was congested and near the ileo ciecal junction the mucous surface 
was congested and superficial ulcers present Sections of these show ed acid fast bacilli 


2 Silenus rhesus (Kj) was the second monkey to die of tuberculosis It was brought into the 
animal-room on 6th August, 1934, and received an injection of blood containing P l-notohsi It had 
several attacks of malar'a followed by a long period of latency On 16th October, 1934, its spleen 
was removed and a mild relapse of malaria ensued, which was cured after treatment A few weeks 
later the animal developed a severe diarrhoea Examination of the stools revealed the presence of 
intestinal flagellates in large numbers {Trichomonas and Giatdia) Ou 13th December, 1934, it died 
and the post mortem show ed the follow ing lesions In the abdomen — caseating mesenteric glands 
were present The liver showed yellowish caseating areas of size of a pea in large numbers The 
large intestine w as highly congested and superficial ulcers of the mucous membrane were also noticed 
Sections and smears of infected organs showed acid fast bacilli In the thorax there were no caseating 
glands In the lower lobe of the right and the middle lobe of the left lung few tubercles were seen 
Smears from these contained few acid fast bacilli 


3 Silenus trus (Ir.) was the third monkey to die of tuberculosis It came into the animal 
room ou 12th April, 1934, and received cholesterol and olive oil for tw o months It w as then infected 
with P Inowlesi and had a severe attack of malana It was cured of it after treatment On 6tli 
September, 1934, it was splenectomizcd to induce relapse, but it did not develop Jt was 

apparently m normal health but on 12th January, 1935, it was found dead mortem showed 

the foUovving lesions In the abdomen-the liver, kidney, mesenteric glands and “ 

showed distinct caseating tubercles In the chest^one lung (the nght showed a 
tubercles in the middle lobe surrounded by a pneumonic patch Eliiid was present in the pleura) 
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cavity The corresponding tracheo bronchial glands did not show any macroscopic evidence of 
tubercular infection Smears of the glands showed no acid fast bacilh 

4 Silemis rliaus (R,) was the fourth monke 3 to die of tuberculosis It came mto the animal- 
room on 6th Alienist 1934, but iias not used m anj experiment It began to lose v eight from 16tli 
December, 1934^ and died on llth January, 1935 Post mortem shoued a large mass of caseating 
glands behind the sternum in which acid fast bacilli Mere present Both lungs shoved caseatmg 
tubercles In the abdomen there was no macroscopic lesion suggestmg a tubercular infection in any 
of the organs 

5 Silemts rad talus (Rda) vas the fifth monkey to die of tuberculosis It vas purchased in 
1933 and was used in malaria experiments It had a high degree of acquired immunity It vas 
splenectoniized on 20th Aprd, 1933, but did not relapse Injection of P hwwlesi infected blood 
resulted m a transient infection which M as spontaneouslj overcome Itvas taken oier by thevriter 
for obtaining blood for experimental purposes It came from the ground floor to the first floor animal- 
room on 12rh April 1934, and between that date and its death on 17th Maj, 1935, it had a number 
of cardiac punctures done to 't It was quite robust in health when it died and the folloving lesions 
M ere discoi ered on nost mortem The pericardium v as distended v ith fluid of stray colour v Inch 
on injection into a guinea pig failed to show tubercle bacilli The tracheo bronchial gland vas found 
enlarged and caseatmg and smears from it showed tubercle bacilli A single hard tubercle of the 
size of a split pea v as found in the middle lobe of the right lung and it was surrounded by a small red 
area of consolidation Other than this no other lesion v as seen in any of the other organs in the chest 
or abdomen 


6 Silenus r/iPsus (Bg) was the sixth monkey to die of tuberculosis It was brought into the 
animal room on 10th December, 1934 and was given an injection of P Inoidesi On 22iid Jauuari, 
1935 it was splenectninized and an intense mfection of P luowlesi resulted It v as treated and after 
a number of relapses it finally got rid of the infection On 21st April, 1935, it was noticed that the 
animal was gettmg thin, and on 5th July, 1935, it died Post mortem shoved the folloving lesions 
In the abdomen — there vas a large mass of mesenteric glands of the size of a closed fist The cheesy 
pus from the glands shoved acid fast bacilli The liver vas iiddled vnth caseatjing tubercles of the 
size of a split pea Both kidneys showed numerous caseating foci The mesenteric glands v ere all 
caseatmg The pancreas shov ed a caseating mass of the size of a marble The intestine near the 
o®curu show ed ulceration of the mucous surface In the chest — the glands on the back of the sternum 
vere enlarged and caseating Bases of both lungs shoved cluoters of small tubercles The jileural 
cavity contained a few c c of strav coloured, blood tinged fluid ni which acid fast bacilli v ere present 


7 Sihmis rhesus (R^) was the seventh monkey to die of tuberculosis It vas admitted into 
the animal room on 6th August, 1934, and vas used in malaria experiments It had several severe 
attacks of P I nowlesi infection from vliich it finally recovered after prolonged treatment On 26th 
Janu iry 1935, it v as splencctoraized and it had a sei ere relapbe of malaria , from this also it recovered 
About tvo months later it began to get thin and died on 10th Julv, 1935 Post mortem shov ed the 
follov mg lesions In the abdomen — ^tlie mesenteric glands v ere enlarged and caseating The intestine 
vas congested m places and shoved typical tubercular ulcers fiom which acid fast bacilli vere 

recoi ered The In er and the other abdominal organs shov ed no macroscopic lesions In the chest 

both lungs vere studded all oier with tubercles There vas a big cluster of tubercles in the lover 
lobes of both lungs Tubercles vere more numerous in the right than in the left lung The 
pericardium vas filled vith straw coloured fluid and was adlierent m some places to the lung 
Caseating foci v ere seen m the pericardial sac ° 


8 Silcntis true (I») vas the eighth monkey detected to be suffering from tuberculosis It vas 
brought into the animal room on 12th April 1931, but vas not used in any experiment While it 
was apparently in good health, on 2lst July, 1935, it vas splenectomized but the spleen vas found 
riddled with tubercles It v as therefore killed on 2-ith July, 1935, and the post-mortem show ed the 
follov ing lesions In the abdomen— the liver shov ed four caseatmg areas of the size of a split pea 

The kidney was normal looking but the mesenteric glands were ciseatmg In the chest the right 

lung a’oiic shov ed c group of tmi tubercles surrounded bv a red area of consohdation “ 


9 Silttiut rhesus (R,o) vas the ninth monkey to die of tuberculosis It vas brought into the 
animal room on 10th December, 1934, and splenectomized on 22nd Jaiiuan, 1935 It had its blond 
repeatedh talvcn before and after splcnectonn for cholesterol estimation On 18th Tulv, 1935 it vas 
injected with blood from another nionkcy shoving P I notdesi and on 29th July, 1935, it deieloncd 
a lieaiv infection and died of ha.moglobmuna the following day The postmortem showed the 
follov mg changes In the abdomen— se\ eral mesenteric glands were found enlarged and caseous The 

hi cr V as studied V ith numerous caseatmg tubercles The kidney s showed a ffv pm point caseatnm 
areas The intestines v ere normal In the chest— the right lung v as comnletelv stuflrlerJ -n ?ti! f " 
miliary tubercles but the left did not shov even one suspicious area The tracheo bronchml 
vere enlarged and caseous Acid fast baciRi were found m the smeL of alSectcd tesu^f ® 
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10 Silenus rhesus (R^,) -was the tenth monkey to die of tuberculosis It was broucht into the 
ammal-room on 21gt May, 1935 On 23rd July, 1936, it iv as splenectonuzed and one n eek later nn en 
iii]ootion of P Lnowlesi On 6th August, 1936, it died of malarial hsemoglobiiiuna Post mortem 
showed in the ehest two caseous areas of the size of a split pea eaoh surrounded by a red area of 
eonsohdation of the size of a rupee in the right lung Smears from these showed acid fast bacilli 
The tracheo bronchial gland on that side was slightlj enlarged and caseous There uas no other 
evidence of tuberculosis m any of the other organs 


1 1 Silenus rhesxis (R^^) was the eleventh monkey to die of tuberculosis It was brought into 
the animal room on 10th December, 1934, and was given cholesterol in olive oil for tu o months 
During this period its blood was repeatedly taken for estimation of cholesterol After a time the 
animal was noticed to be getting thin and developing a cough On 29th Julj, 1935, it was given an 
injection of blood containing P knowksi and it died of malarial hsemoglobinuna on 7th August, 1035 
Post mortem showed e-vtensive tubercular lesions of the miliaiy type in almost all the organs In 
the abdomen fluid was present in the peritoneal cavity, mesenteric glands were caseous, tbe'liver was 
studded with small caseating tubercles, both kidneys show ed many pm point caseous areas and the 
spleen had also a few tubercles In the thorax fluid was found both in the pleural and pericardial 
sacs w hich on injection into a guinea pig caused the death of animal from tuberculosis Both lungs 
were adherent to the chest wall in several places and show ed extensiv e miliary lesions The tracheo 
bronchial glands were enlarged and caseous and the glands behind the sternum were also caseous 
The pericardial sac was adherent to the Jung and showed one tubercle 


12 Stlenus rhesus (Rj,) was the twelfth monkev to die of tubeiculosis It was brought into 
the animal room on 10th December, 1934, and was given cholesterol in olive oil for two months like 
No 11 Some time after completion of the comse the animal was found to be getting thin and to 
have cough and. dyspnoaa So it was not used in any experiment It died on 11th August, 1936, 
and the post mortem lesions were very similar to those of Iso 11 In the abdomen the liver, spleen 
and kidneys were all riddled with numerous miliary tubercles The mesen’^eric glands were caseating 
and the intestines showed ulceration There was fluid in the abdominal and pleural cavities ami 
111 the pencaidial sac Both lungs shovied numerous miharv tubercles Tlie lungs were adherent 
in some places to the chest wall The tracheo bionchial glands and the posterior mediastinal glands 
were caseating The larynx showed tubercles The diaphragm and the pericardium also showed 
’esions in one or two places 

13 Stlenus rhesus (Bj) was one of the oldest surviving monkejs in the laboratory It rame 
into the animal room on 12th April, 1934, and was given cholesterol in olive oil for 4 weeks It showed 
a high blood cholesterol and was immediately used m a nialana experimeijt It had an attack of 
severe malaria from which it recovered completely after treatment A period of latencv ensued and 
during this period it was resistant to super infection On 11th January, 1936, it was splenectomi/ed 
and as a result developed a relapse for which it was treated It recovered completely and all attempts 
to re infect it failed Although it was m perfect health it was killed on 2nd September, 1935, as it 
was necessary to write this report On postmortem examination the only lesion detected was a 
completely calcified area of the size of a pea in the upper part of the middle lobe of the right lung , 
the other organs were normal In the pericardium there was about 10 c c of clear straw coloured 
fluid which on injection into a guinea pig showed tubercle bacilli to have been present 

14 Stlenus rhesus (Ej) came into the animal room on 6th August, 1934, and was used lu malaria 
expenmeiits It had several attacks of malana off and on till 20th December, 1934, and llieii it 
recovered completely and was resistant to reinfection On 18th January, 1935, it was spleiicctonuztd 
and a severe relapse followed It w as treated and cured of this condition All attempts to re infect 
it failed On 12th August, 1936, when it was apparently in normal health the animal coughed and 
brought out a blood clot Examination of the Uot showed no tubercle bacdli On 2nd September, 
1935, it w as kifled and post mortem show ed evidence of fibroid tuberculosis In the chest the tracheo 
bronchial glands were enlarged and hard with yellowish areas There was a hard fibro caseous mass 
of the size of a rupee in the upper lobe of the right lung which was adherent to the chest wall and on 
separation showed a cavitv In the left lung there were a few hard small tubercles 

cardial sac there was clear straw coloured fluid In the abdomen the liver and kidney s both snowed 
scattered hard tubercles The mesenteric glands were enlarged hard and cascat'ug 


iSyMPTOMATOLOGY AND PATHOLOGY OF THHEECULOSIS IN MONKEYS 

Tuberculosis in monkeys as observed m this outbreak ran a rapid course Tlie 
period of illness was short and most of the animals died rvithin a period of 85 v eeks 
In most cases there were very few symptoms and no suspicion of tuberculosis vas 



(1) Tlie 'inimil room on the first floor of the All Indn Institute of Hvgienc -ind Tublic Health shoiung the arrangeme 
of nunikev cages (A) and gumei pig cages (B) (2) Lu cr show lug multiple caseating tubercles (3) Enlarged spleen shoiu; 

multiple tin\ tubercles in a mouke\ that died of nm’aria (t) A kidncj shoeing tubercles (5) Spleen of a non mala : 
intml 1 1 ebon me tubercles 
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(1) Lung shoviiug inilnrs tubercles (2) Lung showing cIoistI ^ jeti showing glnmlu’ar iiuohenient ()) Lung 
showina clusters of nnliary tubercles and cvtensne pneumonic consolidation The lung looked and felt li! c a 
hier (4) Lung showing cavity It iias idhercnt to chest nail and on sepirition was found to be hlkd nilh 
pus (5) \ hard fibre caseous tnberclo and caseating traehco bronchial gland (G) A liard and calcified tubercle 
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aroused except at post-mortem While 6 out of 14 showed symptoms, the other 
8 looked normal until death Emaciation was noticed in 6 cases, cough and 
dyspnoea in 2 cases (the last in the series), diarrhoea in 1 case (No 2) and spitting 
of blood ih 1 case (No 14) As regards the pathological lesions they resembled 
closely the lesions of acute tuberculosis of susceptible animals They were mainly 
of the miliary type and dissemination was widespread As a result of low resistance 
milia and nodule formation was rapid, caseation early and fibrosis and calcification 
infrequent The gross macroscopical changes seen in the animals are given in 
the histones and some of the more important lesions ha\fe been photographed and 
presented in the Plates XXV and XXVI The following is a brief tabular 
summary of the lesions — 

Glandulai infection was multiple extensive and common Cervical glands 
were found caseating in 1 case, tracheo-bronchial glands in 9 cases and mesenteric 
glands in 10 caseS The serous membranes were fairly frequently attacked The 
pleura was adherent to the lung or chest-wall or both in 6 cases and fluid v as present 
in the pleural cavity in 3 cases The peritoneum was affected in 2 cases and fluid 
present in it as well The pericardium showed tubercles and adhesions m 3 cases 
and fluid was present in the sac in 2 case« The lungs were affected in all cases 
Cavity was found in 1, healed fibrosed tubercle m 1 calcified tubercle in 1, mibary 
tubercle in 9 and massive tubercular pneumonic consolidation in 2 The diaphragm 
showed lesion in 1 case and also the larynx As regards the abdominal organs 
superficial ulceration of the intestinal mucosa with presence of acid-fast bacilb vas 
noticed in 7 cases, small caseating tubercles were found in the spleen in 2 out of 4 
cases (most of the other monkeys being splenectomized), in the adrenal in 1 case 
in the pancreas in 1 case, in the kidneys in 6 cases and m the liver m 8 cases In 
addition to the above in one case a large caseating mass involving the ribs, sternum 
and the skin of the chest was detected 

Discussion 

Spontaneous tubeiculobis in monkeys — In European countries spontaneous 
tuberculosis in monkeys kept in captivity for some time is of frequent occurrence 
Th“ incidence of tuberculoses among the monkeys in the Zoological Gardens of 
London, Philadelphia and other western cities and in the various laboratories in 
which these animals are used for expprimental purposes confirm this view (Scott, 
1930) In the Philadelphia Zoo Fox states that the average duration of life of 
monkeys was 11 months and practically everv monkey died of the disease within a 
year if exposed to infection Calmette in France, emphasizes the fact that in 
tuberculosis experiments on monkeys there is always the fallacy of spontaneous 
infection This he thinks can be avoided by selecting tuberculin negative monkeys 
and by the use of recently imported animals from India Indian monke 3 s in his 
experience are generally free from the disease , out of 52 freshly imjoited Indian 
monkeys that he tested tuberculosis was found in three only, whereas the incidence 
was much higher in monkeys which had been with the animal-dealer for some time 
after importation (Griffith, 1931) In the London Zoological Gardens many years 
ago the incidence of tuberculosis in monkeys was quite high About 30 per cent 
of the monkeys died of tuberculosis within a year and a very much higher percentage 
within 3 yeais At present, however, due to greater care and attention of the 
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animals, the incidence has been reduced greatly In the zoological gardens and 
laboratories in India as far as the writei can gather tuberculosis in monkeys is not 
of common occurrence Inquiries made in the Calcutta Zoo n^here there are over 
100 monkeys elicited the fact that death rate in monkeys from tuberculosis is less 
than 1 per cent pei annum The same is also the experience of laboratories -where 
monkeys are kept for experimental purposes In the writer’s own experience 
although he had previously used o\er 100 monkeys on different occasions he tact 
with only one case of tuberculosis and this too in an imported monkey from Singa- 
pore and not in an indigenous monkey Even in the present outbreak the 
drst SIX animals belonging to the group that died of malaria a*few weeks after their 
arrival in the laboratory showed no evidence of tuberculosis If these are taken 
as a representative sample of the monkeys at the time of purchase then it may be 
argued that probably none of the animals were infected at the time of their arrival 
in the laboratory and that all of them contracted the infection during their stay 
in the animal room in contact with the tubercular guinea-pigs This view is 
further supported by the fact that some other monkeys not belonging to the batch, 
but purchased from the same animal-dealer, and kept in contact with leishmania 
infected mice and hamsteis in the ground floor animal-room, showed no evidence 
of the disease Therefore, this outbreak of spontaneous tuberculosis in monkeys 
kept in the first flooi animal-room along with tubercular guinea-pigs is of special 
interest 'WTnle there are several published records of spontaneous tuberculosis 
in monkeys trom countries outside India (Kalbfleisch, 1929-34 , Nieberle, 1932 , 
Einlcel Dey, 1931 , Griffith, 1931 , Scott, 1930), there are none as far as the writer 
IS aware from this country 

Source of infection — From the foregoing discussion it -w'lll be clear that the 
source of infection in the present outbreak was primarily the infected guinea-pigs 
It IS possible that later in the outbreak the source might have been infected monkeys 
This shows that it is very undesirable to house experimental monkeys in the same 
room as tubercular animals If it is done outbreaks such as the present one may 
occur with disastrous consequences 

Mode of infection — With regard to this there is mainly the post-mortem 
findings and the impression gained bv the writer during the investigation "While 
in some animals because of the nature and severity of the lesions in the abdominal 
organs and the relative scarcity of lesions in the lungs it is probable that the root of 
entry was intestinal, in others the evidence is definitely in favour of the respiratory 
route In 5 out of 14 monkeys (Nos 2, 3, 6, 8 and 9) the route Was probably alimen- 
tary and in 9 out of 14 monkeys (Nos 1 4, 5, 7, 10, 11, 12, 13 and 14) the route -nas 
probably respiratory As the lesions in most animals were of the generalized 
miliary type, it is rather difficult to say by which route the orgamsm first gained 
entry By whatever route it entered it soon got into the lymphatics and blood 
stream and finally got localized in the different organs In a few cases, however, 
there was distinct evidence that the route of entry was either respiratory or alimen- 
tary The impression gamed was that m the earlier cases the route of entry was 
intestinal and in the later cases (because monkeys with symptoms came later in 
the series) the disease spread from monkey to monkey through droplet infection 
It was noticed that the monkeys kept nearest to the tubefcular guinea-pigs and to 
other infected monkeys were more severely infected than those further removed 
from these sources of infection 
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The type of acid-fast bacillus — Cultures were made from the post-mortem 
material in six cases and the acid-fast bacilli present isolated The strains ueie 
tested and typed (culturally and by animal passage) and found to be of the human 
type As all the guinea-pigs in the room were infected with ilf tubeiculosishwnan 
the finding of the same strain in all the monkeys lends further support to the view 
that their infection was probably contracted from the guinea-pigs 

Susceptibility of diffeient species of monleys to tuberculosis- — In the present 
outbreak 3 species of monkeys were involved and all appeared to be equally 
susceptible Ten out of 10 Silenus rhesus, 2 out of 3 Silenus ladiaius and 2 out 
of 2 Silenus irus contracted the disease The type and distribution of lesions, 
in' all species were the same In only one a Silenus ihesus was there a healed 
lesion which had gone on to calcification 

The effect of splenectomy on the couise of iubeiculosis — It will be seen from a 
perusal of the histones of the monkeys that both splenectomized and rcn-splenecto- 
mized animals were present in the group and were equally attacked with tuber- 
culosis Because the first few animals to die of tuberculosis were spleijectomized 
animals it was thought that possibly the removal of the organ increased their 
susceptibilitj’’ to the disease But a careful study of the incidence and severity 
of the disease as well as the duration of life after contact of the animals in the two 
groups showed no marked difference between the two As regards incidence 10 
out of 10 splenectomized and 4 out of 5 non-splenectomized contracted the disease 
The average duration of life after starting exposure to tuberculous infection was 
36 weeks in the splenectomized animals and 39 weeks in the non-spIenectomized 
In the splenectomized group 60 per cent showed extensive lesions while in the 
non-splenectomized gioup 50 per cent showed correspondingly severe lesions There 
was no difference in the distribution or type of lesions in the two groups From 
this the writer presumes that so far as the effect of splenectomy on the incidence of 
tuberculosis goes, the course of infection is not materially altered by the removal of 
the organ 

Since making these observations the writer has looked up the literature on the 
subject and he finds that his findings are in agreement with that of the majority 
Many of the reports are m German journals not available here The tvo reports 
in English seen by the writer may be referred to how ever Foot (1923) studied the 
effect of injecting tubercle bacilli in splenectomized and non-splenectomized rabbits 
and found that the course of infection did not vary materially in the tv o groups 
except that the animals in the former group tended to die off a little sooner than 
those in the control group This is m agreement v ith the writer s experience 
On the other hand, Haj’^ashi and Takeda (1933) found that after giving a sub- 
ciitaneolis injection of lOOth of a mg of human tubercle bacillus to splenectomized 
and non-splenectomiied guinea-pigs, 1 out of 6 of the latter and 3 out of 4 of the 
former showed lesions in the bone-marrow From this the workers conclude that 
after splenectomy the lesions in the bone-marrow were more numerous The 
V Titer’s experience does not corroborate this There are many more reports 
published on the subject and the following may be quoted for reference (Brandis, 
1929 , Sarvan, 1931 , Roso, 1932 Fabris, 1934) 

of malaria on the course of tubeiculosxs — A. few observers (Kyriasidis, 
, Collari, 1933) have noted that vhen chronic malarial patients contract 
tuberculosis the progress of the latter disease is slov and c the fibroid type , this 
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they presume is because the body of a malarial subject probably offers a powerful 
resistance to the development of tuberculosis In the present senes there v ere 4 
normal and 10 malarial monkeys A comparison of the tubercular lesions in the 
two groups showed no very marked difference Most members of the two groups 
suffered from the same type of acute rmhaty tuberculosis In 3 monkeys belonging 
to the malarial group however, there was some evidence of fibrosis or calcification 
These monkeys had previously suffered very severely from malaria but unlike the 
others had developed a very high degree of immunity to super-infection In view of 
Scott’s statement that in his experience fibroid phthisis and healed tubeicles are 
absolutely unknown in monkeys the presence of such lesions m the 3 animals referred 
to above (Rj, Eg and Rd^) may be attributed to the influence of acquired immunity 
to malaria If this view is correct then it may be stated that acquired resistance 
to malaria may, in some cases, be helpful in checking the progress of tuberculosis 
and reducing its seventy On the other hand, if the effect of acute tuberculosis 
on the course of malarial infection is considered, it is found that animals suffering 
from miliary tuberculosis do not show any resistance to malarial infection, but 
that in them malaria runs a very severe and fatal course Jemma (1933), has 
made the observation that acute malaria aggravates the course of tuberculosis 
The observations recorded here do not contradict this but merely show that animals 
suffering from acute tuberculosis developing malaria die very rapidly It is difiicult 
to say whether death is due to the severity of the malarial infection or to the 
aggravation of the tubercular process From a study of the course of acute malaria 
in monkeys suffering from chrome fibroid or healed tuberculosis, the writer has 
got the impression that resistance to tuberculosis is helpful in checking the severity 
of malaria and in enhancing acquired immunity to malaria It is possible that the 
mechanism of immunity in the two diseases is closely allied and that further studies 
on the subject may be helpful in solving the question 

Role of cholesterol in toberchlosis 

It will be evident from a perusal of the histones of the monkeys that the out- 
break of tuberculosis occurred while they werejieing used in an experiment on the 
role of cholesterol in malana On account of this intercurrent infection, the 
cholesterol results were vitiated and the experiment was given up In a few cases, 
however, it was found that the cholesterol readings obtained brought out some 
points of importance relating to tuberculosis one of these was the blood-cholesterol 
values in normal and tubercular monkeys and the other was the effect of cholesterol 
feeding on the course of acute miliary tuberculosis With regard to the first it was 
found that while the cholesterol value in whole blood of monkeys varied from 
140 mg to 170 mg pet cent, the average value for monkeys suffering from severe 
widespread tuberculosis varied from 80 mg to 110 mg per cent This result it 
may be observed is in general agreement with the findings for humans In man 
blood-cholesterol is unaltered in the early mild cases but is very much low ered m 
the more severe and rapidly progressing cases With regard to the second question 
it will be seen that 4 monkeys were fed on cholesterol and olive oil for periods 
varying from 1 to 2 months after the commencement of exposure to tubercular 
infection Of these, two were subsequently used in malarial experiments and the 
other two were not The latter showed the severest and most extensive lesions 
in the series As regards the former, which were used in malarial experiments, one 
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showed a moderate infection and the other a healed lesion It is difBcult to saj 
whether this difference in the type of tuberculosis in the two groups is due to the 
attacks of malaria which the latter suffered from , if so resistance to malaria may 
be said to increase the resistance to tuberculosis But so far as the efiect of choles- 
terol on the course of tuberculosis goes, the impression gained by the writer is that 
over-feedmg with cholesterol and olive oil may help m intensifying the course of 
tubercular infection A reference to the published literature on the subject sub- 
sequent to gaining this impression showed that although a large numbet of people 
had used cholesterol in the treatment of tuberculosis the results obtained are by no 
means uniform The experimental studies on rabbits by Levinson (1931) show 
that over-feeding with cholesterol and olive oil does not favourably influence the 
course of tuberculosis nor does it protect the animals against the disease Luden 
(1917) came to the same conclusion He showed that a diet which reduces blocd- 
cholesterol increases lymphatic resistance and that which increases blcod-choles- 
terol weakens it Tunmclifi (1923) also found that intravenous injection of small 
doses of cholesterol had a stimulating effect on phagocytosis, while large doses 
had a depression influence Knshnan, Ghosh and Bose (1936) have shown that 
hypocholesterinsemia is more favourable to phagocytosis than hypercholefeterinaemia 
From these it appears that if the reticulo-endothelial system and lymphocytic 
response play a part in checking the tubercular process then over-feeding with 
dhtiltestetol and olive oil is likely to intensify the tubercular infection as observed 
by the writer 
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During recent years, as a result of the economic crisis, considerable attention 
has been given, in a number of countries, to the problem of devising cheap ‘ well- 
balanced ’ diets Numerous pamphlets have been issued by public health autlioii- 
ties, charitable organizations, etc , which instruct the poor and unemployed how 
to purchase an adequate diet for a few shillings, dollars, kronen, etc , per week, 
and often provide a variety of specimen menus for daily consumption , in India 
a pamphlet on ‘ balanced diets ’ has been issued by the Bombay Presidency Baby 
and Health Week Association, and achieved a wide circulation As a rule ‘ veil- 
balanced ’ diets recommended as suitable for consumption are drawn up by consul- 
ting tables of food analyses given in standard textbooks, and applying generall} 
accepted dietary standards Due regard must, of course, be given to the food 
habits of the country concerned, for it is of little use to recommend diets which, 
however cheap and however rich in valuable food factors, are not in conformit}' 
with dietary custom In India the problem of devising satisfactorj'- cheap ‘ well- 
balanced ’ diets IS somewhat more complicated, first, because we lack at present 
precise knowledge of the composition of many Indian food-stuffs, particulaily 
as regards mineral salts and vitamins, and, secondly, because it is doubtful whether 
dietary standards put forward by American and European physiologists are 
applicable in toto to India The present paper records an attempt to device and 
test 111 the laboratory a number of cheap ‘ well-balanced ’ diets suitable for general 
consumption in India 

Test diets 

The first step was to work out a number of food mixtures which, on the basis 
ofjigures given in McCarnson’s (1931) book ‘ Pood ’ had an energy value of about 
2,(00 to 2,800 calories, approximating to the daily requirements of an average 
man The test diets, 12 m number, are described in Table I With the exception 
of diets 11 and 12, they resemble Indian diets in general composition, and are based 
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on common cereal staples Two foods not produced in India at present on a commer- 
cial scale — soya bean and dried skim uailk — ^were included in certain of tbe diets , 
these foods are available at reasonable cost m the larger cities, and, given popular 
demand, could presumably be produced in India itself Condiments, which have 
little influence on cost or nutritive value, were not included m the diets Diets 
1 to 9 were calculated to cost from Ks 4 to Es 6 per month per adult man, on the 
basis of retail prices obtaining in the Madras Presidency Diet 10, which contains 
abundant milk, is somewdiat costlier Diet 11 is that given to the stock rats at 
Coonoor , it contains more milk, in proportion to other foods, than is likely to 
be present in any human diet, and was includ.ed in the group to provide data as to 
the growth of our rats in optimum, or at least e^scellent, dietary circumstances 
Diet 12 is the vitamin-free basal diet commonly used m the laboratory, supplemented 
by cod-liver oil and dried yeast powder To investigate their nutritive value, 
the diets were fed to groups of young rats and subjected to chenucal analysis 


Rat growth tests 

Groups of young rats, 12 in each, of 35 g to 60 g weight, were fed the various 
test diets, ad hb , in the proportions indicated, for a period of 10 weeks eight 
curves are given in Figs 1 and 2, and average weekly increase in weight in 
Table II — 

Table II 

Aveiage weekly 1110 ease m weight dnnng 
10 weeks on test diets 


Number of 
diet 

WeeLly increa'ie 
in weight 

1 

7 4 

2 

69 

3 

80 

4 

84 

6 

82 

6 

98 

7 , 

82 

8 

7 6 

9 

7 9 


87 

11 

10 G 

12 

8 7 


Chemical analysis 

The diets were analysed for their content of protein, fat, carbohydrate, calcium, 
phosphorus iron, vitamin A, and carotene The results of chemical anal} sis are 
set out in Table III, the composition of diets 11 and 12 being given, for purposes of 
comparison, on a 2,700 calorie basis Vitamin A and carotene estunations were 
carrmd out by the spectrographic method described by De (1935) 





Average increase in body-weight : grammes. 


736 


An InvestigaUon of cheap ‘ ivell-balanced ’ Diets 



Ghemtcal composition of test diets 


W R Ayhoyd and B G Krishnan 


737 



* In diets 1 to 9 the only animal foods were dried skim milk and butter-milk, which are neghgible sources of Vitamin A Diet 10 
contamed whole hulk, ghee and meat The vitamin A content of the stotjk diet (11) is high 
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Discussion oii' results 

Rat test — On diets 1, 2, 3, 6 and 8 all the rats did not survive for the experi- 
mental period of 12 weeks On diet 3 there were 6 deaths, on diet 2, 4 deaths, on 
diets 1 and 8, 2 deaths, an'd on diet 6, 1 death Most of these were due to pneumonia 
and enteritis Since we have observed that death from intercurrent infections 
raiely occurs amdng the annuals fed on Die stock diet (11), diets vhichverc 
associated with such infections cannot be regarded as completely satisfactorj 
In the groups in which deaths occurred, the surviving (and presumably stronger) 
animals showed moderate growth Average growth on all the ‘ cheap ’ diets vas 
less than that on the stock diet The Coonoor rats are somewhat smaller than 
stocks commonly used in dietary studies in England and America, and average 
increase in weight even on the excellent stock diet is only 10 6 g per week 

The diets based on a combmation of milled rice with cambu, whole-wheat 
floui and cholam respectively (1, 2 and 3) did not satisfactorily pass the 
biological test, although their protein and mineral content was raised by the addition 
of dried skim milk Similarly, diet 8, in wluch the only cereal present uas 
rice and the piotein content was supplemented by a comparatively large addition 
of soya bean, did not support growth as efficiently as the stock diet, and two of 
the rats in this group died The combination of nee with ragi (4) proved more 
satisfactory These results suggest that it is difficult to devise a completely 
satisfactory diet, of which milled nee is the main ingredient, at the low cost of 
about Ks 6 per month It is probable that if a diet based on iice, or rice m 
combination with cambu, wheat, or cholam, is to be completely adequate, more 
milk, green vegetables, etc , must be included than is present in diets 1, 2, 3 
and 8 

Diet 6 111 which ragi is combined with soya bean, produced excellent growth, 
and its chemical composition is satisfactory This diet was calculated to cost a 
little over Ks 4 per month 

The calorie values of the diets as calculated on the basis of chemical analysis 
were in general agreement with estimates based on textbook figures The propor- 
tion of protein in certain of the diets is low acbording to current standards , on 
the whole the diets less abundantly supplied with protem (and piobably also with 
vitamin B 2 ) were those which were least satisfactory judged by the biological test 
There is no reason to suppose that fat is present in inadequate amounts The 
mineial content of the diets is high, when judged by Sherman’s well-known 
standards Vitamin A and carotene are probably present in sufficient abundance— 
the vitamin A activity of the cheap diets being 7 or 8 times that of a diet found to 
lie associated with xerophthalmia (Aykroyd and Krishnan, 1936) Vitamin C 
lequirements are probably covered bj’’ the leafy and root vegetables included m 
the test diets In the uncooked state 8 ounces of green vegetables and 2 ounces 
of root vegetables of the kinds described would contain 150 mg to 300 mg of 
vitamin C (Ranganathan, 1935) If adult requirements of vitamin C arc 
reckoned as 50 mg daily, a fan margin is left for losses on cooking 

In devising actual dietary schedules and specimen menus on the basis of thesi 
and subsequent investigations, a certain amount of adjustment and replacement 
will be necessary A calorie intake of 2,700 to 3,000 would probably meet the 
needs of average Indian men engaged on average work, at any rate as far as 
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Southern, India is concerned , if necessary, calorie content can be raised by 
adding extra cereal, without much increase in cost The energy requirements 
of women, and children of difierent ages, can be assessed by applying the 
international scale of family coefficients =••, or some other suitable scale, Such as 
Cathcart’s (1931) 

Our diets were origmally conceived as suitable for adult men they were, 
however, tested by bemg fed to growing animals Generally speaking, the relative 
cost of adequate diets for difierent age groups cannot satisfactorily be deduced 
from a scale of energy requirements It is usually held that children need more 
protein and mineral salts per kilo of body-weight than adults More milk and less 
cereal and other foods means increased cost In considering the cost of mimmnm 
adequate diets'for children, and also cost per family, it would probably be advisable 
to assume that children’s diet should contain more milk, m proportion to other 
foods than is included in our diets 

Pulses (apart from soya bean) are roughly similar in price and food value 
and thus interchangeable in diet schedules In the vegetable group considerable 
variation is possible potatoes can be replaced by other root vegetables, spinach 
and cabbage by other green leafy vegetables etc As far as our present know- 
ledge goes, vegetable oils in common use in India do not vary greatly in nutritive 
value 

These experiments may be regarded as a preliminary to devising suitable cheap 
‘ well-balanced ’ diets for human use A number of other diets are at present being 
tested in a similar manner But it is clear that, while chemical analysis and 
biological assay may provide useful information as to the value of various dietary 
combinations, the ultimate test must be their efiect on human beings The next 
step must be to ‘try out’ in practice diets resembhng those investigated in the 
laboratory and foimd satisfactory, e g , in boarding schools for children 


Summary 

A number of diets, costing from Ks 4 to Rs 5 per adult man per rronth, and 
conforming in a general way with diets m habitual use in India, have been tested 
by rat growth experiments, and subjected to chemical analysis 

The chemical analyses recorded in this paper were carried out by the chemical 
staff of the laboratories, under the supervision of Mr S Eanganathan Spectro- 
graphic tests for vitamin A and carotene were performed by Mr N K De 

Acknowledgments are due to Sir Robert McCarrison, who initiated this 
investigation before leaving Coonoor 
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THE CAHOTENE AND VITAMIN A REQUIHEMENTS 

OF CHILDREN 


BY 

W. R AYKROYD 


AND 

B. G KRISHNAN 

{Nutrition Research Laboratories, I R F A , Coonoor, S India) 


[RaceiTed for publication, September 30, 1935 ] 


The problem of tbe vitamin requirements of human beings is in process of 
reduction to a quantitative basis A number of workers have attempted to estimate 
human requirements of vitamin A, Bi C, and D in terms of biological rat units, 
International Units, artd of the puie vitamin itself (Hams, 193S , Rose, 1933 , 
Sherman, 1933, Salter, 1934, Szent-Gyorgyi, 1934, Cougil], 1934, Harris and 
Bay, 1936) Bor the establishment of ‘ standards of necessary vitamin intake 
it is useful to know that a certain intake is associated with deficiency symptoms , 

‘ minimum ’ or ‘ optimum ’ requirements must exceed this intake The present 
paper records the association of xerophthalmia in children with a known intake 
of carotene 

In the course of a visit to certain .organized._Iabour camps in the Bellary 
district of the Madras Presidency, it was observed that a number of children 
were suffering from ‘ smokiness ’ and dryness of the conjunctiva, while a 
number showed the yellowish foamy patches in the conjunctiva known as 
‘ Bitot’s spots’ Evidence of the existence of vitamin A deficiency in the camps 
vas thereby provided, and a more systematic investigation was undertaken 
With the help of an experienced ophthalmic surgeon, 436 children between 
the ages of 1 and 12 were examined for ocular signs suggestive of vitamin 

( 741 ) 
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A deficiency The results of investigatioub carried out lu 3 camps were as 
follows — 


Table 1 

Incidence of xet ophthalmia 


JTuinber of 
camp 

f 

Number of 
children 
examined 

CaSFS showing LAE CHANGFS 

ASSOCIATED WITH VITAMIN A 

DEFICIENCY 

Total number 
positive 

Percentage 
of number 
examined 

1 

62 

22 

35 

2 

125 

28 

23 

3 

240 

66 

27 

Totals 

436 

116 

27 


The children examined "weie a random sample, and included all ages from 1 to 
12 The majority of the positive cases were in the early stages of the disease 
showing only dryness, ‘smokiness’, or wrinkling of the conjunctiva About 30 
per cent of positive cases, however, were in a more advanced stage, with definite 
‘ Bitot’s spots ’ Doubtful cases were labelled negative 

At the time of examination the children had been fed for 7 to 8 months on 
the dietary given in Table II Table III shows its carotene content, indicating 
the amount supplied by each item of the diet — 


Table IT 

Qomposition of camp diet as consumed daily by vanous age gioups 


Age giouj) 

1 

Cholam 

(Andmpagav 

sorqhvm) 

(grammes) 

Dhal ariiar 
{Caj'imts 
indicus) 
(grammes) 

] 

Vegetables and 
condiments 
(grammes) 

1-6 

184 

14 

14 

5 8 

283 

28 

20 

8-12 

311 

31 

24 


vith vegetaTile oil in small quantities 
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Tablk 111 


Gmotene conient of camp did 


Age group 

Cholam 

(g) 

1 

Carotene 

(y) 

Dhal 
arhar 
(g ) 

Carotene 

(y) 

Vegetables 

(g) 

Carotene 

(y) j 

Total 

carotene 

(y) 

1-5 

184 

386 4 

14 

31 2 

14 

37 2 

464 8 

6-8 

283 

594 3 

28 

62 3 ' 

iO 

53 0 

709 6 

8-12 

311 

663 1 

31 

68 5 

24 

63 6 

785 2 

A\ erage of 3 groups 

683 2 


The carotene content of a sample of cholam used m the camps was estimated 
in the laboratory by Mr N K De, by the spectrophotometric method recently 
described (De, 1935) The carotene figures for dhal arhar are derived from the 
spectrogxaphic assay of a sample of dhal arhar closely lesemblmg that supplied 
to the children In estimating the carotene content of the ‘ vegetable and condi- 
ment ’ ration, it was assumed that the latter consisted of brinjal {Melongina solanwn) 
and bitter gourd {Momordica cheranha) in equal quantities these being vegetables 
commonly used in the camps , here again, results obtained by spectrographic assay 
were used The figures given in this column represent only a rough estimate since 
we have no exact knowledge of the composition of this part of the ration But the 
total condiment and vegetable ration is so small that, whatever its ingredients, it 
cannot greatly influence total carotene intake Average total intake would be 
increased by about 20y if calculations were made on the assumption that 
vegetables very rich in carotene — e g , amaranth and cabbage — were invariably 
supplied 

Carotene content per gramme of the various items in the diet is as 
follows — 


Cholam 2 10 y 

Dhal arhar 2 20 „ 

Brinjal 0 05 „ 

Bitter gourd 5 25 „ 


It may be assumed that the diet was entirely devoid of vitamin A Spectro- 
graphic assay has shown that cholam, dhal arhar, brin]al, and bitter gourd lack 
this factor Vitamin A has not been found in a considerable series of vegetable 
foods investigated in this laboratory 


Inciden'ce oe ‘ Angulae Stomatitis ’ 

The presence of ‘ angular stomatitis ’ (i e , a raw fissure of about to'’ at 
the angles of the mouth) in the groups of children examined is of interest Seventy- 
one children (16 per cent) showed this condition in various degrees Some of those 
with eye signs had angular stomatitis also, but there was no definite association 
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of th.e two conditions Further study of the possible association between ‘ angular 
stomatitis ’ and vitamin A and carotene deficiency is required ° 

No attempt was made to study the incidence of hsemeralopia or of other 
conditions which have been ascribed to vitamin A deficiency 

Discussion 

Individual physiological variation may account for the fact that only a certain 
proportion of children m the camps showed positive symptoms In any population 
group consuming the same defective diet, signs of deficiency appear earlier and are 
more pronounced in certain individuals than in others On the other band, tbe 
physical condition of the children on entering the camps must have shown consi- 
derable variation 

The children observed were taken into the camps from a district suffering 
from famine , it may therefore be inferred that in general the diet previous to 
admission was extremely deficient in vitamin A. activity A larger dail}^ intake of 
vitamin A or carotene would be required to cure symptoms of deficiency than to 
supply the daily needs of individuals whose livers are well stored with vitamin A 
Further, Bauman, Hissing and Steenbock (1934) have shown that, m Jats depleted 
of vitamin A, and subsequently given large amounts of the vitamin, liver storage 
of the factor was. less efficient than in normal rats, a possible explanation being 
that vitamin A is poorly absorbed by depleted animals It may, however, 
legitimately be argued that a diet which, after being consumed for 7 to 8 months, 
is found to be associated with xerophthalmia, is deficient in vitamin A activitj-', 
and that ‘ normal requirements ’ of carotene are in excess of the amount contained 
in the diet 

Moore (1933) reached the conclusion that equal weights of jS carotene and 
pure vitamin A have the same biological activity Carr and Jewell (1933) found 
that their richest vitamin A concentrate was 1 6 times more potent than pure 
carotene (i e , the 1932 International Standard Preparation, which is mainl} ^ 
carotene liut contains some a carotene) On the other hand, the work of Booth, 
Kon and Gillam (1934) suggests that the vitamin A present in butter is 6 times as 
potent as the carotene in butter According to Kuhn, Brockman et al (quoted by 
Gillam and Hedbrom, 1935) the a and y forms of carotene are ph) siologically only 
half as active as the yS isomeride It is probable that the carotene in the i egetable 
diet described in the present paper was present m both the a and p forms, vith 
excess of the latter 

It IS difficult to deduce from the present observations, vhich concern ‘ sub- 
minimal ’ carotene intake, any convincing data as to ‘ sub-minunal ’ amounts of 
vitamin A [strict u sensu) for human beings. We have no knowledge as to how 
far the carotene in the labour camps’ diet was absorbed and utilized Accor- 
ding to Clausen (1933) carotene is less readily absorbed from the intestinal tract 
of children than is vitamin A Drummond et al (1935) observed that, in a 
case of chylothorax, ‘ the absorption of vitamin A from the intestme was 
much mone satisfactory than that of its precursor carotene ’ It is unjust’h- 
able to assume, on the basis of Carr and Jewell’s (foe cii~) biological assays with 
pure materials, that 700y of carotene in a mixed vegetable diet would possess 
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the same vitamin A activity for human beings as 450y of vitamin A also con- 
tained in a mixed diet 

In the almost complete absence of quantitative data as to human needs of 
the vitamin A factor, the hypothesis that 700y of carotene (roughly 1 200 Inter- 
national Umts) represents an inadequate intake for children may be of use in 
practical dietetics In the light of the present observations, Salter’s {loc cit ) 
estimate that 0 3 mg (300y) of carotene represents minimal daily normal require- 
ments IS too low Optimum human requirements of vitamin A activity should 
perhaps be set very considerably above the ‘ sub-minunal ’ figure recorded in this 
paper — ^in the neighbourhood of 3-5,000 International Units ^ 

Summary 

1 Eye s5Tnptoms indicative of vitamin A deficiency were observed in 27 
pet cent of a group of 436 children aged between 1 and 12, in a number of labour 
camps 

2 The diets consumed by age groups 1-5, 5-8, and 8-12, are estimated to 
contain about 454y, 709y, and 786y of carotene, respectively 

3 It follows that optimum requirements of carotene must exceed that of 
the diets described, and the establishment of a ‘ sub-minimal ’ figure of carotene 
intake, associated with deficiency symptoms, may be of use in practice 
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OBSERVATIONS ON THE HEART RATE IN VITAMIN B^ 

AND C DEEICIENCY. 

BY 

G. SANKARAN 

AND 

B G KRISHNAN 

{Nutiition Reseaich Laboiatones, I R F A , Coonoox, S India ) 

[Received for pulalication, September 30, 193B ] 

Drury et al (1930) reported that bradycardia was a regular symptom of 
vitamin Bi deficiency in pigeons and rats, and that admimstration of vitamin Bi 
concentrates cured this symptom Birch and Harris (1934) made use of this fact to 
elaborate a technique for estimating the vitamin Bi content of food-stufis, the rat 
being the experimental ammal As the method described is less time consuming 
than most other biological methods used for vitamin B] estimations, a study of it 
was undertaken in these laboratories Our first step was to obtain electrocardio- 
graphic records of heart rate in pigeons and rats, fed on complete and vitamin Bi 
deficient diets 

Method 

The cardiograph used was a portable Matthew’s inkwriter electrocardiograph 
which, as the name indicates, makes a record in ink on a reel of paper The makers 
provide a special celluloid transparent time scale for reading the record The 
electrodes are h^^odeiimc needles electiically connected to the lead wires of the 
cardiograph, and are inserted under the skin of the ammal The pigeon is laid 
on its back and two sand bags are laid across the outstretched wmgs while another 
is placed over the legs Two needles are inserted under the lower surface of the 
wings close to the body, while a third is inserted under the skin of the left thigh 
Tracings of all the three leads were obtained but usually one lead — as a rule the 
second — was convenient for study While the cardiograph is being taken precau- 
tions are taken to have the animal perfectly still No ansesthetic was found 
necessary The rat was conveniently secured on its back on a wooden board by 
string attachments tied to each of its foui paws while the head is fixed by hooking 
up tlie incisor teeth This simple method of fixing was quite efficient and no clamps 
were needed as suggested by Drury and Harris Bor the rats the leads were inserted 
one under the right leg and the other, which corresponds to the second lead, under 
the left chest wall The record is taken when the animal is still 
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The diets 

The control pigeons were given mixed grains and the vitaimn Bi deficient 
pigeons washed polished raw nee The control rats were given the laboratory 
stock diet consisting of wheat chapaitxes smeared with butter, fresh raw cabbage, 
raw carrots, sprouted Bengal gram and fresh milk (5 0 c c per rat) every day ' 
Lean meat was given twice a week The vitamin Bi deficient diet was the same 
as that described by Harris (1934) sugar 60 parts, arachis oil 15, casein 20, salt 
mixture 6, autoclaved marmite 6, and cod-liver od one drop per rat per day 
The marmite was titrated with glass electrode and alkali to pH 10 and then 
autoclaved at 130°C for one hour 


Kesults 

Pigeons — Of the four pigeons in the deficient group three died within four 
weeks of being put on the experimental diet All four developed ‘ polyneuritic ’ 
symptoms Bradycardia was present m two deficient animals, the heart late being 
from 185 to 285 The rate in four control pigeons fed mixed grains varied between 
300 and 450 Large variations were observed in the heart rate of a group of four 
animals fed on washed polished raw rice with the addition of 20 mg of the vitamin 
Bi International Standard Preparation 

Rats — Two groups, each consisting of 24 animals, were used for the experiment 
Ten deficient anunals developed paralysis of the hind limbs m about 6 to 7 weeks 
All the group which survived longer than 2 weeks showed a progressive drop in the 
heart rate The heart rate in the animals fed on the stock diet remained about 
450 to 550 throughout a period of 7 weeks In the deficient animals the rate 
dropped to about 225 to 270 in 4 to 7 weeks One animal showed a rate as low as 
75 and another 150 These two were moribund at the time of taking the record 
Two of the animals died within two weeks When the animals with a heart rate 
of about 250 were given foods containing vitamin Bj, such as sprouted gram 
or cJiapatties, they recovered their normal heart rate It was observed that 
the heart rate did not drop in all cases when paralysis had set m There 
were cases in which an animal showed paralysis and the heart rate did not 
drop until a few days after the appearance of paralysis In some animals 
which showed no paralytic symptoms a low heart rate and heart block were 
observed The figures of heart rate are given in Tables I and II A few 
representative cardiographs of animals — showing the normal cardiograph, brady- 
cardia and heart block — are given in Fig 1 

Vitamin C deficiency 

Guinea-pigs were used as the experimental animals The scorbutic diet 
consisted of crushed oats and 50 c c of autoclaved milk per animal pei daj , 
and the control diet consisted of cabbage, carrots, sprouted Bengal gram, and 
rice bran Twelve animals were put on each diet and cardiograph tracings of 
each animal secured every week for a period of 84 days During this period 
only two animals in the vitamin C deficient group died, both withm 35 dajs 
To prevent the anunals dying ofi rapidly, a little cabbage was given to every animal 
that appeared very sick 







Guinea pig No 2ft Tachycardia. Heart rate, 360. Guinea-pig No 31 Tachycardia Heart rate, 376. 
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Results 

The average heart rate of normal gmnea-pigs was found to be between 260 and 
276 per minute Animals on a scorbutic diet showed a marked increase in the 
heart rate to as much as 300 to 375 The increase was found to begin after the 
ninth week This result is in accord with the clinical observation that tachycardia 
occurs m human scurvy Table III gives the data obtained The cardiographs 
of a guinea-pig and of a scorbutic animal are appended in Fig 2 

Table I. 

Heart rate in rats 
Stock diet 


Experiment commenced on 10-8-34. 


Rat number 

1 

18-8-34 

24-8-34 

4-9-34 

10-9-34 

17-9-34 

24-9-34 

2-10-34 

6239 

480 

525 

436 





6240 

57D 

435 

466 





6241 

466 

450 

480 





6242 

600 

466 

465 


i 



6243 

480 

600 

465 





6244 

610 

496 

496 


1 



6241 

610 

496 

510 





6246 

460 

540 

686 




670 

6247 

610 

626 

510 





6248 

665 

i 600 

510 

i 



495 

6249 

626 

510 

436 




526 

6250 

640 

610 

640 




465 

6261 

610 

496 

460 




405 

6262 

610 

480 

466 




405 

6263 

610 

465 

480 




480 

6254 

480 

480 

466 




670 

6265 

510 

466 

435 




435 

6256 

670 

466 

495 




436 

6257 

600 

480 

625 

1 



610 

6268 

496 

460 

435 




526 

6259 

640 

466 

525 




610 

6260 

540 

496 

496 




570 

6261 

480 

460 

436 




450 

6262 

480 

496 

460 



j 

496 
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Table II 

Heart rate %n rats 

Vitamin Bi deficient diet 

Bxpeiimerit commenced on 10-8-34 


Rat Humber 

18-8-34 

24-8-34 

4-9-34 

10-9-34 

17-9-34 

24-9-34 

2-10-34 

6215 

615 

570 

540 

625 

625 

315 

210 

6216 

555 

540 

75 




• 

6217 

[ 670 

555 

460 

300 




621S 

540 

510 

420 

420 

345 

270 


6219 

540 

510 

436 

330 

270 

270 

270 

6220 

435 

540 

450 

360 

345 

300 

240 

6221 j 

1 450 

480 

460 

300 

300 

285 

266 

6222 

1 540 

480 

450 

480 

o 

CO 

300 

270 

6223 

540 

670 

510 

374 

465 

210 

465 

6224 

525 

525 

450 

450 

460 

210 

525 

6226 

510 

420 

300 

390 

225 


t 

6226 

670 

510 1 

555 

405 

1 375 

1 300 

256 

6227 

585 

1 

510 

495 

435 

436 

315 

285 

622S 

570 

480 

420 

430 

150 



6229 

540 

510 

430 

465 

420 

270 


6230 

600 

540 

610 

465 

285 


• • 

6231 

555 

480 

t 285 

390 

Cured 



1 

6232 

685 

450 

430 

405 

390 

330 

285 

6213 

510 

405 

1 420 

255 

460 

Cured 


6234 

610 

525 

510 

435 

346 

315 

255 

6235 

625 

510 

450 

420 

436 

345 

300 

6236 

656 

625 

I 480 

1 

435 

345 

285 

222 

6237 

640 







6238 

540 

1 
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Table III 


Heart late in gmnea-pigs on control and scoibuiic diets 
Experiment commenced on 24-9-34 
Control diet 


Animal 

number 

CO 

1 

o 

2P-10-34 

CO 

1 

*— < 

CO 

1 

C*! 

CO 

i 

1 

o 

1 

1 

, 

1 7 

1 S 

<N 

rH 

ci 

CO 

T 

o 

r-i 

17-12-34 

10 

345 

345 

345 

315 

330 

345 

345 

285 

270 

11 

285 

300 

330 

285 

330 


315 


285 

12 

360 

330 

315 

330 

315 

285 

285 

255 

240 

13 

255 

245 

300 

255 

316 

265 

285 

265 

285 

14 

315 

345 

315 

265 

300 

266 

240 

1 

250 

246 

15 

225 

i 

270 

330 

280 

230 

230 

285 

210 

226 

16 

180 

210 

190 

230 

285 

250 

270 

255 

266 

17 

330 

315 

345 

320 

345 

345 

1 

270 

240 

1 

: 230 

18 

240 

285 

320 

285 

285 

1 

215 

316 

286 

286 

19 

210 

255 

300 

285 

315 

275 

270 

240 

266 

20 

285 

270 

285 

255 

285 

255 

240 

215 

226 

21 

240 

300 

320 

315 

285 

286 

255 

256 

270 

Totals 

3,270 

3,470 

3,695 

3,420 

3,680 

3,305 

3,275 

3,016 

3,080 

Aveha qes 

273 

289 

308 

285 

307 

276 

273 

261 

267 
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Table III — concld 
Scorbutic diei 


Animal 

number 

22-10-34 

29-10-34 

5-11-34 

CO 

1 

^4 

19-11-34 

! 

1 

1 

1 

1 ^ 

3-12-34 

10-12-34 

\ 

cx 

r-4 

1 

22 

300 

! 

300 ' 


255 

270 

270 

316 

330 

335 

' 23 

285 

270 

316 

290 

330 

305 

316 

330 

336 

24 

180 

240 

240 

240 

250 

240 

286 

305 

300 

25 

345 

300 


1 






20 

240 

255 

240 

240 

265 

226 

285 

330 

330 

27 

330 

330 

300 

270 ! 

300 

300 

335 

345 

376 

28 

225 

375 

145 

270 

300 

315 

360 

360 

360 

29 

1 345 

360 

350 

330 

330 

290 

335 

345 

345 

30 

270 

315 

270 

315 

286 

240 

285 

315 

315 

31 

330 

315 

100 

305 

305 

315 

845 

360 

375 

32 

285 









33 

375 

335 

315 

360 

330 

270 

300 

330 

330 

Totai^s 

3,510 

3,455 

2,960 

2,375 

2,955 

2,770 

3,160 

3,360 

3,400 

A^ EBAOES 

293 

1 

$14 

296 

288 

296 

277 

316 

335 

340 


Conclusions 

(1) Bradycardia was observed m two pigeons on a diet of polished rice 

(2) Rats fed on a vitamin Bi deficient diet consistently show a drop m the 
heart rate, which rapidly retuiiis to normal when foods rich in vitamin Bi are given 
The results obtained confirm the work of Drury and Hams 

(3) Guinea-pigs on a vitamin 0 deficient diet develop tachycardia 

Our thanks are due to Major-General Sir Robert McCamson, under vhose 
direction this work was done 
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FOOD-STUFFS. 

BY 
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[Received for publication, September 30, 1936 ] 

Previous work on tke effect of storage on tke vitamin C potency of food-stnfis 
has shown that a leafy vegetable, like spinach, rapidly loses its vitamin C on storage, 
while a fruit, like orange, loses little or none of it during storage for as long as two 
weeks (Ranganathan, 1936) To obtain further data on this important question, 
investigations were extended to six more food-stuffs three leafy vegetables, 
coriander (Conandrum sativum), tender amaranth {Amaranthus gangeticus) and 
fenugreek (Trigonella fcenumgrcecum), and three others of a ‘ non-leafy ’ nature, 
chillies (Capsicum annuum), mango and bitter gourd (Momordica chaiantia) 

The experimental procedure adopted was much the same as that reported in 
the previous paper In addition to determining the loss of vitamin C consequent 
on storage at room temperature in Coonoor, a hill station situated at about 
6,0p0 feet above mean sea-level (the room temperature ranged durmg these 
experiments from 19°C to 22°C ), the loss in vitamin C on storage at a slightly 
higher temperature, about equal to that obtaining in the plains during hot 
weather, was also investigated in the present series of experiments Vitamin C 
was estimated by the chemical method described in the previous paper 


Leafy vegetables 

A fair quantity of each leafy vegetable was obtained m the fresh state and 
the leaves freed as far as possible of the adhermg sod and water particles Where 
the specimen could not be had fresh, it was obtained from the local bazaar, care 
be ng taken to obtain the best sample avadable A representative sample of the 
food-stuff was then divided into several small fractions of equal weight — usually 
6 or 10 gramme fractions— and p^seryed in paper packets^ half of these at 
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room temperature and the remaining half m an incubator maintained at about 
38°0 One of the fractions was immediately used for determining the initial 
vitamin C content and the rest investigated one by one after storage for 
stated intervals The loss in weight of the specimens due to the evaporation 
of moisture on storage at room temperature and at the higher incubator tempera- 
ture was also determined The results of experiments with the six food-stufls 
are set out in the accompanying tables — 


Table I 


Showing the effect of storage on the vitamin C potency of coriander leaves 

The specimen was obtained from the local bazaar , initial vitamin C 
content=69 0 mg per cent 




STORAGE AT 



Room TrMPEBATOEi: 

(19°C TO 22’’C) 

38°0 

Period of storage 

Vitamin C 
content in 
mg per cent 
of origmal 

V eight 

Percentage 
loss of 
vitamin G 
during 
storage 

Percentage 
loss in 
tt eight due 
to loss of 
moisture 

Vitamm C 
content in 
mg per cent 
of ongmal 
weight 

Percentage 
loss of 
vitamin C 
dunng 
storage 

Percentage 
loss m 
weight due 
to loss of 
moisture 


1 

2 


4 

6 

6 

7 

24 hours 

28 6 

68 7 

57 0 

22 0 

681 

■ 

30 

99 

19 6 

716 

69 4 

17 0 

76 4 

B 

48 

99 

16 3 

76 4 

75 8 

13 0 

812 

80 2 

54 

99 

12 0 

82 6 

82 8 

10 0 

86 6 

86 0 

72 

99 

66 

90 6 

84 0 

66 

90 6 

86 4 

96 

99 • • 

61 

91 2 

84 6 

60 

913 

86 6 

102 

99 

68 

916 

86 4 

68 

916 

86 6 

120 

99 

66 

92 0 

86 4 

60 

913 

86 6 

144 

99 

48 

93 0 

86 4 

60 

92 7 

86 6 
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Table II 

Showing the effect of storage on the vitamin C potency of tendei 

Amaranth leaves 

Specimen obtained from the local bazaar , initial vitamin C 
content=112 1 mg per cent 


■ 

■H 

I STORAGE AT 



I Room tempeeatobe 

1 (19°C TO 22°C ) 

1 

Penod of storage 

Vitamin C 
content in 
mg per cent 
of original 
weight 

Percentage 
loss of 
vitamin C 
durmg 
storage 

Percentage 
loss in 
weight due 
to loss of 
moisture 

Vitamm C 
content in 
mg jier cent 
of original 
weight 

Percentage j 
loss of 
vitamin C 
during 
storage 

Percentage 
loss in 
weight due 
to loss of 
moisture 


1 

2 

! 

3 

4 

6 

6 

7 

21 hours 

1 

1 

59 9 

1 

46 6 

i 

34 0 

27 2 

76 7 

70 4 

43 

9f 

29 8 

73 4 

1 

46 0 

10 0 

91 1 

86 0 

48 

1 

>» 

25 6 

77 2 

49 8 

45 

96 0 

86 8 

67 

if 

13 1 

87 4 

67 8 

46 

96 0 

86 2 

72 

if 

12 2 1 

1 

89 1 

76 8 

45 

96 0 

86 8 

91 

if 

93 

91 7 

79 0 

46 

96 0 

86 8 

90 

if • 

65 

96 1 

80 4 

46 

96 0 

86 8 
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Table III 

Showing the effect of btoiage on the vitamin C potency 0 / fenugreek leaves 
Specimen obtaincrd from a garden close by , imiial vitamin C 
content = 140 7 mg per cent 






f-TOllAGE AT 





KOOM TFMI’ERATUKF 

(19°0 TO 22'’C ) 

38°C 

Penod of storage 

Vitamin C 
content in 
mg per cent 
ol original 
'veignt 

Pcrcentagi 
loss of 
vitamin (' 
during 
storage 

Ptrttntago 
loss in 
weight duo 
to loss of 
moisture 

Vitamin C 
content in 
mg per tent 
of original 
weight 

Percentage 
loss of 
vitamin C 
during 
storage 

Percentage 
loss in 
weight duo 
to loss of 
moisture 


1 

2 

1 

i 

5 

0 

7 

fi boars 1 

130 7 

28 

10 9 j 

120 4 

80 

22 0 

24 


98 9 

29 7 j 

461 

1 08 4 

51 4 

50 0 

29 

>> 

80 9 

38 2 

52 i 

53 8 

01 7 

~ 57 1 

48 


74 0 

47 4 

73 2 

34 8 

75 3 

80 3 

53 


01 1 

50 0 

75 7 

30 5 

73 5 

i 81 8 

72 


33 5 

70 2 

83 5 

11 0 

91 8 

88 2 

90 


12 9 

90 8 

80 8 

12 5 

90 8 

89 5 

101 

9f 

13 9 

90 1 

87 1 

9 5 

93 2 

90 4 

120 

If 

13 4 

90 5 

89 1 

1 

10 0 

92 5 

90 1 


In the above experiments ivith leafy vegetables, specimens of like v eight verc 
weighed out at the commencement , they were then stored and examined at stated 
intervals for their vitamin C content Hence, in calculating the results of columns 
2 and 5 m Tables I, II and III, account was not taken of the loss in u eight due to 
loss of moisture occurring during storage The loss of vitamin 0 on storage 
recorded above represents the extent to which a known weight of leafy vegetable 
loses its vitamin 0 on storage, irrespective of the loss in moisture occurring at the 
same time But, on the practical side, it may be argued that the consumer is more 
likely to be concerned with the vitamin C content of the sample he is purchasing 
no matter for how many hours or even days it has lain in the market This aspedt 
of the problem would assume importance only when the material is purchased by 
weight and when it loses weight considerably on storage , it is not of moment vith 
most leafy vegetables, which are usually purchased in bunches and not bj 
weight Hence, in the case of the leafy vegetables reported above, the loss in 
vitamin C expressed in terms of the onginal weight of the sample is of more practice 
smmficance than the loss calculated in terms of the existing v eight of the material 


S Ranganathan 


759 


at the various stages of storage Calculations on the latter basis often lead to ano- 
malous results , values in excess of that contained in the fresh sample -would be 
obtained for an absolutely dry specimen of the same Not infrequently, the 
■vitamin 0 content -would appear to increase as the material stored gets drier and 
drier , further, while a leafy vegetable stored even for a few hours could be easily 
demonstrated to have lost a part of its vitamin C, the same material when perfectly 
dry after nearly a week’s storage would be reported as containing more vitamin C 
than the original sample itself 

Specimens of leafy vegetables preserved with stalk and root were found to 
lose vitamin C on storage at about the same rate as those separated from the stalk 


Mangoes, chillies and bitter gourd 

In the case of these foods, there was no purpose in testing the vitarmn C 
potency of fragments of the same onginal specimen stored for var]ous'p)enods, 
since m practice they are stored in an unbroken condition It was therefore 
necessary to carry out estimations on difierent specimens which appeared to be of 
the same degree of freshness and ripeness at the beginmng of the penod of storage 
Mangoes — A dozen fruits, of approximately the same size and degree of 
ripeness, were obtained from the same tree, through the courtesy of the Curator, 
Government Botanical Gardens, Ootacamund The fruits were quite mature, 
but not fully ripe Owmg to unavoidable reasons, expeiiments on these fruits 
could not be started as soon as they arrived , they were therefore stored in the 
cold room at about 0°C for a little over a fortnight They were then preserved, 
some at room temperature and some at 38°C Vitamin C was estimated in 
the whole fruit, pulp, and outer skin of the fruits, and the results recorded 
in Table IV — 


Table IV 


Showing the effect of storage on the vitamin C 'potency of mangoes 
Specimen obtained from the Government Botanical Gardens, Burliyar, Nilgiris 


Penod of storage 

STORAGE AT 

Room irMPCE^TtrEE 

TO 22‘’C) 

38°C 

Eutire 

fnnt 

■ntamin C 
in mg 
per cent 

Outer skin 
only vita 
mm C in mg 
per cent 

‘ Pulp only 

1 vitamin C 
in mg 
per cent 

Entire 

fruit 

vitamin C 
in mjj 
per cent 

Outer skin 
only vita- 
min C in mg 
per cent 

Pulp only 
vitamm C 
in mg 
per cent 

Ntl 

19 hours 

48 „ 

72 „ 

116 „ 

154 „ 

178 „ 

27 5 

26 7 

17 9 

23 9 

•25 8 - - 
*16 2 
til 3 

82 1 

86 2 

77 1 

90 7 
— 87 8 

47 4 

26 9 

20 9 

17 } 

20 9 

17 6 

10 5 

97 

7 1 

27 5 

30 8 

23 9 1 

*22 8 

1 t7 1 
134 

82 1 

89 4 

82 0 

67 2 

1 50 

69 

20 9 

16 4 

22 3 

12 4 

76 

1 7 

^ rarfclj ripe ] 

lA major portion of the fruit had decayed t TiiUy npe 
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Table V 

Showing the effect of storage on the vitamin C potency of chillies 
Specimen obtained from the local bazaar 


STORAGE AT 


Penod of storage 

1 

i 

Room TEMPESATUEr 
(19°C TO 22°C ) 

38‘’C 

Vitamiu C 
content in 
mg per cent 

Percentage 
loss lU 
weight due 
to loss of 
moisture 

Vitamm C 
content in 
mg per cent 

Percentage 
loss in 
weight duo 
to loss of 
moisture 

Nil 

57 4 

1 

57 4 


19 hoiir« 

48 2 

10 4 

30 8 

13 0 

25 „ 

35 5 

13 6 

26 4 

18 0 

43 „ 

*21 0 

22 8 

*16 2 

32 2 

49 „ 

*16 6 

23 8 

*7 4 

40 2 


* Partly npe 


[All specimens preserved for over 49 hours were completely ripe, those 
preserved at 38“C for 43 hours and over were ripe The ripe ones gave on acetic 
acid extraction a reddish-coloured extract, and hence they could not be made use 
of for the estimation of vitamin C by the chemical method In the partly ripe 
chillies, the comparatively greener portion was used for analysis ] 

Table VI 

Showing the effect of storage on the vitamin C potency of bitter gourd 


Specimen obtained from the local bazaar 


1 

1 

1 

Penod of ! 
storage 

STORAGE AT 

Room tempeeatobe 
( lO'C TO 22'’C ) 

_ 1 

t 

j SS’C 

Vitamm C 
content 
m mg 
per cent 

Percentage 
loss m 
weight due 
to loss of 
moisture 

^1 

Remarks 

1 

Vitamin C 
content 
in mg 
per cent 

Percentage 
loss m 
weight due 
to loss of 1 
moisture 

Rfmarks 

Nil 

24 boors 

100 7 

87 6 

53 

Quite green 

106 7 

72 2 

13 9 

Quite green 
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Table VI — concld 


STORAGE AT 


Period of 
storage 

Room temperatobb 
(IQ^O TO 22°C ) 

38°C 

Vitamin C 
content 
in mg 
per cent 

Percentage 
loss in 
weight due 
to loss of 
j moisture 

Remarks 

Vitamin C 
content 
in mg 
per cent 

Percentage 
loss in 
weight due 
to loss of 
moisture 

Remarks 

43 hours 

1 

7o 4 

! 

9 7 

i 

Quite green 

68 6 

23 6 

Slightly ripe , 
only the green 
portion was used 
for analysis 

48 „ 

73 1 

110 

do 

64 6 

26 0 

do 

67 ., 

70 8 

16 6 

do 

40 9 

36 2 

Fairly ripe 

72 „ 

68 1 

18 2 

1 

Just showing 
signs of 
ripening 

36 9 

39 9 

do 

91 „ 

64 5 

24 5 

do 

26 4 

63 2 

Quite npe 

96 „ 

23 3 

29 2 

Quite ripe 

12 7 

58 2 

Fully npe , the 
fruit has burst 
open 


It Will be seen from, the above tables that the loss of vitamin C in leafy vegetables 
on storage is quite considerable Nearly three-fourths is lost on storage at loom 
temperature for a period of 72 hours , the loss is greater still on storage at the higher 
temperature A small amount of vitamin C persists in all the leafy vegetables 
examined, even after they have become absolutely dry , this amount ranges from 
5 mg to 10 mg per cent An approximate parallelism is noticeable between the loss 
of vitamin C on storage and the loss in weight due to loss of moisture occurring at 
the same time 

The case of mangoes, chillies and bitter gourd is, however, difierent , the loss 
in vitamin C on storage is comparatively little even though one could not strictly 
deduce the percentage loss of vitamin C on storage, as was done with the leafy 
vegetables Chillies do not lose vitamin C to the same extent as leafy vegetables as 
long as they remain green throughout The vitamin C of mangoes is not appreciably 
lost on storage, until they completely ripen The outer skin of the mango is faiily 
rich in vitamin C and continues so, as long as the skin remains green Once it 
assumes a golden yellow or brovmish hue, a sudden fall in its vitamin C content is 
observed , subsequent storage is accompanied by a further loss of vitamin C 
The inside pulp conserves its vitamin C as long as the outer skin continues to be 
green , when the fruit ripens, the pulp too loses its vitamin C on storage Storage 
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at the higher temperature hastens ripening as also the rate of destruction of vitamin 
0 after ripening Bitter gourd behaves likewise , as long as it remains green 
throughout, no appreciable loss of vitamin C occurs on storage Once the outer 
skin becomes brown, indicative of ripenmg which is often accompanied by the 
bursting open of the fruit, there is a sudden fall in its vitamin C content Even in 
the partly ripe bitter gourd, the comparatively greener portion contains more 
vitamin C than the browner portion 

Summary 

(1) The efiect of storage on the vitamin C potency of six food-stuffs, coriander, 
tender amaranth and fenugreek leaves, and mango, chillies and bitter gourd, vas 
investigated. 

(2) The green leafy vegetables — coriander, tender amaranth and fenugreek 
leaves — ^were found to lose vitamin C rapidly on storage, the loss being quicker at 
38°C than at room temperature The previous finding that leafy vegetables 
lose considerably more vitamin C on storage than other vegetables of a non 
leafy n^iture, and fruits, was confirmed 

(3) As long as mangoes, chillies and bitter gourds remain green, the loss of 
vitamin C on storage is practically little , storage after ripening is accompanied 
by an appreciable loss of vitamin C 

I desire to express my indebtedness to Dr W B Aykroyd for advice 
during the course of this work 
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SIany of the investigations into the problems of nutrition during the last two 
decades have centred round a study of the deficiency diseases Numerous articles 
by medical and scientific authors describe such diseases experimentally produced 
in animals (McCarrison, 1921 , Ennk, 1922 , Mellanby and Green, 1928, 1931 , 
MEG, 1932 , Mellanby, 1936), their early recognition (Wolbach and Howe, 1926 , 
PiUat, 1929 , Eustermanand Wilbur, 1932 , Thatcher and Sure, 1932 , Eox, 1932 , 
Jeans and Zentmire, 1934), their climcal symptoms, their cure by specific vitamins 
(Mellanby and Green, 1930, 1933) and how much of the concomitant disease 
and suffering may be prevented (Wright, 1931 , Kirwan, 1931 , McCarrison, 
1932-33) 

In Asia (Mon, 1904) vitamin A deficiency diseases have a much higher rate of 
incidence than in Europe and North America, but in times of stress, such as durmg 
and after the Great War, they were also widely prevalent in Denmark and Central 
Europe 

Eollowmg up the suggestion of Bloch (1920-21) in Denmark that ‘ the stunted 
growth and general ill health as well as xerophthalmia were caused by lack of “ these 
substances ” — ‘ these substances ” in this context signifying vitamin A — ^Mellanby 
and Green (1928) brought forward evidence of the antninfective properties of 
vitamin A, from observations on experimental animals and human infective condi- 
tions A field for inquiry into the prophylactic treatment of cutaneous infections so 
prevalent in the Bast has been initiated by Loewenthal (1933) in an interesting 
communication on cutaneous manifestations occurring in a Uganda Jail and Mac- 
kay (1934) confirms his opmion when she states that susceptibility to skin infections 
are ‘ probably the first stages of vitamin A deficiency in infants ’ 


The in\ estigatious recorded in this communication were carried out m Loudon during the 
M inter of 1933 34 A paper by B C Guha on ‘ The Influence of a Bengali Dietary on the Growth 
of Young Rats ’ was pubhshed in the Indian Journal of Pediatrics ip October 1934 There is 
considerable agreement m the findmgs of these two investigations 
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The diet throughout India is lacking in vitamins and abundant in cereal 
it IS a thoroughly unbalanced diet To quote McCarrison ‘ In India ve have to 
deal with combinations of food faults rather than single food faults ’ 

The urgency of the situation has led, within the last few years, to the 
assay oi vitamin A in some of the food-stuffs of India, notably fish liver and 
body-oils (Bacharach, 1930 , Ghosh et al , 1934 , Datta and Bannerjee, 1934) 
ghee (Brahmachari, 1932 , Greval, 1933) and fruit (Guha and Chakravortyi 
1932—33) 

In the above-mentioned investigations a recognized synthetic vitamin A free 
diet has constituted the experimental basal ration, but the investigations recorded 
in this communication have been carried out from a somewhat different angle 
that of correlating the effects of varying degrees of vitamin A insufficiency of 

(а) an Indian dietary, 

(б) an Indian dietary supplemented by known amounts of vitamin A 

containing foods, 

with the sevetity of the lesions exhibited in the experimental animals 

ExPERIMENTAIi METHODS 

The rate of reaction of the animals (albino rats) to the Indian dietary is slower 
than that to the standard synthetic basal ration generally led Time has therefore 
been sacrificed in order to feed a basal ration which approximates to the diet 
consumed by the inhabitants of India The composition of this Indian diet is 
necessarily a compromise as there is no one diet common to the people of India 
This diet, synthesized fiom articles of food, not from pure food-stuffs, i e , proteins, 
fats, carbohydrates, etc , is not devoid of vitamin A, yet it is undoubtedly insuffi- 
cient with respect to this vitamin Its deficiency in vitamin D has been rectified 
by the administration of ‘ Radiostol ’ In other respects the usual technique 
of the biological experiment has been observed 

The rats were weighed twice weekly and the first appearance of xerophthalmia, 
abnormality of coat aUd mco-ordination of gait noted At post-mortem a rough 
estimation of the amount of vitamin A in the liver was made, using the Cari-Pricfe 
reaction (Carr and Price, 1926) A Lovibond tintometer was not available , these 
results are, therefore, relative to one another 


The basal diet 

Eice (unpolished) 60 per cent. 

Atta • • 30 „ 

Maaoor dhal {Lens esculenia) or Muug dhal {Phaseolus 

mungo) • 5 „ 


Linseed oil 
Sodium chloride 
Radiostol 


. . 0 5 unit per diem (3 5 unite 

given twice weekly). 
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This will henceforth be called the ‘ Indian basal diet ’ 

Pe^ipauation of the ‘ Indian basal diet ’ 

The food was cooked so as to resemble a human dietary as closely as possible 
[Incidentally according to Lonvcixo (1922) rats consume a cooked diet more readily 
than a raw diet ] 

Rice — ^plunged into boiling water and cooked till soft in an open pan 

Atta — stirred into boiling rice and water when the rice was cooked 

This treatment will rupture the starch grams and may be reckoned as equivalent 
to the amount of cooking when chapatties are made 

Linseed oil — stirred into the rice-water-atta mixture 

Dhal — ^boiled in water with the sodium chloride of the ration for about 
2 to 3 hours in an open pan, then stirred into the above mixture 

Sufficient food for 3, 4 or 7 days was prepared at a time and stored in 
the refrigerator The water content of the cooked diet was about twice that 
of the dry constituents , as this amount of water was ample, no additional 
water was given 


Supplements to the ‘ Indian basal diet ’ 


Preah cabbage 


Green leaves (no stalks), these were chopped not 
minced 


4 hours’ boiled cabbawe 


36 hours’ heated cabbage 


Butter 


Green lea\ es chopped Seven day ration boiled with 
water m an open dish for 4 hours Stored in refn 
gerator Cabbage and water fed 

Green leaves heated 6 hours at 98°C to dry, subsequently 
heated for 36 hours at 120°C m an air oven to destroy 
carotene Amounts of boded and heated cabbage 
fed as equivalents of fresh cabbage 

Fresh cow butter 


Ghee 


Buffalo ghee 


The rice, atta, dhal and ghee were obtained from distributors of Indian food- 
stuffs in London 


Results 

5enes I —25 rats (It was impossible to start the experunental diet 
modified^f techmque had therefore to be 

Total experimental period 103 days 

o ‘lay, after which they were mvoo 

J, MR 


13 
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Subsequently tbe rats were divided into three groups and fed as follows for a 
total experimental period of 103 days — 


Group 

1 

10 rats 

6 cf 

5 g ‘ Indian basal diet ’ 



99 

2 

a » 

4 cT 

'■> ? 

+ 1 g 

4 hours’ boiled cabbage 

99 

3 

0 „ 

3 <f 


+ 1 g 

fresh cabbage 


The results of this senes are summarized in Table I, curves of average weights 
are shown m Chart 1 and photographs on Plate XXVII 

Senes II — 30 rats Total experimental period 140 days 

; All the rats were given the ‘ Indian basal diet ’ for 80 days , subsequently 
they i^rere divided into 4 groups as follows for a further period of 60 days — 

Group 1 8 rats 4 cT 4 $ ‘ Indian basal diet ’ 

,, 2 8 „ 4 4 ^ „ + 0 25 g 86 hours’ heated cabbage 

„ 3 8 „ 4 <r 4 $ „ + 0 2o g 4 hours’ boiled cabbage 

„ 4 6 „ 8 cT 3 ^ „ + 0 25 g fresh cabbage 


The results of this series are summarized in Table II and the curves of average 
weights are shown in Chart 2 

Series III — 21 rats Total experimental period 106 days 

All the rats were fed on the ‘ Indian basal diet ’ for 68 days, subsequent!) 
they were divided into 3 groups as follows for a fuither period of 47 days — 

Group 1 7 rats 3 4 $ ‘ Indian basal diet ’ 

„ 1 Inters „ 1 2 ^ During the last 26 dajs of this period and2g (see 

group 4) were given butter m place of linseed oil m 
order to evaluate ghee relative to butter as well as to 
linseed oil 


9f 


2 




3 


99 


4 


7 „ 4 rf 3 ^ ‘ Indian basal diet ’ but 2 per cent bnseed oil replaced by 

ghee 


7 „ 4 cT 3 g ‘ Indian basal diet ’ but all (i e , 4 per cent) buseed oil 

replaced by ghee 


(from group 1) 

4 rats 2 (f 2 ^ ‘ Indian basal diet ’ but linseed oil substituted by butter for 
last 26 days of experiment 


The results of this senes are summarized m Table III, and curves of average 
weights are shown in Chart 3 
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Chakt 1. 

Senes 1. 

Indian basal diet ’ 1 0 g cabbage 25 rat 
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Chart 2. 

Senes 11. 

‘ Indian basal diet ’ 0 25 g cabbage 30 rats 
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Table ITJ. 

Senes HI — Htidian basal diet’ Ghee [Duration of expet iment 105 days 20 lats 
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Discussion 

The results obtamed in these series, though less dramatic because slower in 
onset than those obtained by feeding a synthetic-A diet, show that the 
vitamin k content of the ‘ Indian basal diet ’ is markedly insufficient, and they 
bear out, from this particular aspect, the findings of McCarrison (1927), who tested 
the biological value of some of the Indian national diets 

Senes I —In the rats receivmg the ‘ Indian basal diet ’ typical symptoms of 
vitamin k deficiency occurred Xerophthalmia, stary coat, loss in weight 

The rats receiving cabbage, either fresh or boiled, in addition to the basal ration 
exhibited none of these symptoms The partial destruction of vitamin A in the 
‘ 4 hours’ boiled cabbage ’ group may be inferred from the fact that little or no 
vitamin A was found m the livers of the rats in this group They appear to have 
received sufficient vitamin A only for their daily needs and were therefore in the 
‘ dangerous borderland of latent deficiency in spite of their normal appearance 
and absence of other signs at post-mortem The experunent indicates that the 
Indian method of cookmg vegetables for a considerable tune in an open pan 
diminishes to a dangerous degree the vitamin A content of a diet already deficient 
in this respect 

Senes II — These experiments were repetitions of series I, usmg smaller 
amounts of cabbage In addition, another group received cabbage heated for 
36 hours at 120°C in order to evaluate the influence of the mineral constitutents of 
cabbage in relation to the Indian basal diet The results were similar to those of 
series I , the addition of such small amounts of heated cabbage as 0 26 g fresh 
cabbage equivalent had only a small effect 

Senes III — Conflictmg reports have been made regarding the assay of the 
vitamin A content of ghee (Bacharach, loc ext , Brahmachaxi, he cit ), chiefly 
because of the varying methods of its preparation and its adulteration with non- 
vitamin containmg fats 

Pure buffalo ghee imported from India was used in this senes of experiments 
(A very brief summary will be given since the results from such a small number of 
rats as were available for the experiment do not justify definite statements, although 
they are indicative of certain conclusions ) 

The replacement o'" 2 per cent linseed oil by 2 per cent ghee and 4 per cent 
linseed oil by 4 per cent ghee in the basal diet appeared to make some difference to 
growth, whereas butter undoubtedly accelerated growth 

Colorimetric estimation’*' of the vitamin A content (Carr and Price, loc ext ) 
of the butter and ghee used, yielded the following results — 

Blue units Yellow units 
Butter 2 1 per gramine ’5 6 per gramme 

Ghee N,l 2^,1 

The vitamm A content of the butter ivas low as shown by the above figures 
and by the absence of any stored vitamm in the livers of these rats No xeronh- 
thalmia had developed when the experiment was terminated , the gneeial condition 


* Kindlj earned out for the author elsewhere 
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of both the basal and the ghee groups was sub-normal and inferior to the butter 
groups 

The ‘ Indian basal diet ’ because of its vitamin A insufficiency brings about, as 
already mentioned, a slow and insidious onset of symptoms, as in the human, under 
similar conditions For this reason, and also because it approximates to the diet 
of the people of India, it may be of use in evaluating vitamin containing food-stuffs 
in terms of human response rather than rat response 

Wills (1930) in her nutritional studies of the so-called ‘ pernicious anaemia of 
pregnancy ’ carried out some experiments on rats, using diets relatively deficient in 
vitamms^ A and C, these diets being in seme respects comparable to the ‘ Indian 
basal diet ’ 

It.is suggested, that the ‘ Indian basal diet ’ maybe used with qualitative and 
quantitative modifications for the investigation of other problms of nutntion 
A few experiments are, therefore, in progress in relation to the production of 
osteomalacia, Tiy withdrawing Jladiostol from the diet and supplementing it with 
vitamm A 

Summary 

1 An ‘ Indian basal diet ’ corresponding approximately to the ordinary 
diet ofilndians has been described and has been used for the biological assay of 
vitamin A 

2. This diet has been shown to be deficient in vitamin A 

3 An_ assay of certain vitamin contaimng foods has been made, usmg the 
above as the basal diet 

, 4 Such a diet has advantages over the standard synthetic diets when 
assessing the prophylactic and therapeutic value of vitamin A contaming foods of 
India 

5 It IS suggested that the ‘ Indian basal diet ’ may be utilized when 
investigating other problems of human malnutrition 

I wish to acknowledge my thanks to Mrs May Mellanby and Dr. Norah 
Edkins for their helpful criticism and advice 
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BIOCHEMICAL INVESTIGATIONS ON DIFFERENT 
A^ARIETIES OP BENGAL RICE 

Part III. 

ENZYMIC DIGESTIBILITY OF BICE STARCH AND PROTEIN ACTION 
OF SALIVARY AND PANCREATIC AMYLASE AS WELL AS OF 

PEPSIN AND TRYPSIN 


BY 

KALI PADA BASU, d sc (Dac ), ph b (Munich), 

AND 

SATIPRASAD MUKHERJEE, m sc 
{From the Bwcheimcal Sechon, Chemical Laboratoiies, Dacca University) 
[Received for publication, July 24, 1936 ] 

In two previous communications Basu and Sarkar (1935a and |6) have 
repotted on the chemical composition of diffeient varieties of Bengal iice 
and also on the digestibility of the same vaiieties towards taka*diastase In 
this paper the action of salivary and pancreatic amylase towards starch and of 
pepsin and activated tiypsin towards proteins of the different varieties of rice 
has been studied Detads about the difierent varieties and the methods of 
prepaiation will be found in Part I of this paper 


Digestibility of rice starch. 


The action of the salivary as well as the pancreatic amylase on the starch of 
the diffeient varieties of rice (both Aus and Aman) subjected to diffeient treatments 
and in presence of all its constituents, the difference in the digestibility of sun-dried 
and parboiled rice and also the effect of polishing the r^ce on the digestibility of 
starch have been studied 


The saliva was collected by chewmg pure wax and chewing gum and was 
preserved m a refrigerator at 2°C to 3°C after mixing it with a few drops of 
toluene Its activity was tested from time to time and found to remain cons- 
tant The sample of the pancreatic amylase (trypsin, Messis Carnrick & Co 
USA) was also preserved in the refrigerator and similarly tested 

It IS well known that due to inhibition by reaction products (Luers and 
Wasmund, 1922) the reaction velocity of these enzymic reactions fTraduallv falls 
off Readings were, therefore, limited to the first 15 minutes ^ 


Ammal amylases have a higher optunum pH (pH 6 4 to 6 8) than amvlase of 
plant origm (pH 4 6 to 5 2) The reactions in case of starch digestion were earncrl 
out at the optimum pH 6 48 ^ 


( 777 ) 
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Table I 

Salivary digestion 

Showing the variation in the digestibility of difftrenf AUS laiietics 





Mo OF RFDUOINC SUGAR 

Mean for 
all different 
treatments 
for 

16 minutes 

Variety 


Time m 
minutes 

Sun dnecl ■ 
non polished 

Sun dried 
polished 

Parboiled 
non polished 

Parboiled 

polished 


( 

4 i 

9 87 

11 92 

10 68 

12 26 


Surjamukhi - 

1 

8 ' 

14 75 

18 92 

18 03 

15 69 




15 

15 76 

20 49 

19 03 

19 73 

18 76 




12 36 


13 00 

13 97 


PXS (8) 


S 

17 69 

18 84 

19 14 

18 04 




16 

18 92 

21 37 

21 96 

22 92 

21 29 



4 

12 35 

13 57 

14 80 

16 68 


Bhutman | 


8 

O 

CO 

19 34 

20 63 

23 81 



< 

15 ^ 

18 92 

, 2013 

22 20 

26 48 

21 68 



4 

12 35 

12 35 

14 80 

16 68 

r 


Jhanji 3 

1 

8 

17 84 

19 73 i 

18 92 

23 81 



. 

15 

18 84 

1 

18 63 

22 20 

24 89 

21 64 



t 

^87 

1 

11 65 

1 

12 66 

13 00 


Kataktara 


8 

16 75 

17 12 1 

17 72 

17 72 



1 

16 

17 72 

2013 

20 81 

21 62 

20 04 


■> 

^ > 1 
4 

lO'es 

1 

1155 ' 

ar 1 

12 08 

13 00 


Chartiock 


8 

1 

14 80 

1712 

17 20 

17 72 



^ 1 

15 

! 19 03 

' 2013 

20 39 

20 39 

19 98 




9 67 

1192 

11 92 

12 96 


IDhtoal 1 "f ■ 


8 " 

‘ 15^30 ' 

5 18 92 

18 92 

19 34 


I 

r 

15 

'H. 

16 J8,, 

20 49 ^ 

, ' 20 49 

, 21 26 

19 76 



4 

i063 

1218 

- 1218 

13 00 


l^ihari 


8 

*) T 

15 75 

18% 

18 92 

19 14 




1 

15 

16 57 

4^2013 ^ 

20 39 

21 52 

I”! 6'' 

5tean for 16 
Tnlnnte‘1 

j 

T-i 

17 81 

— n _ ' T p , 

20 44 

20 94 

22 22 

20 35 
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TABliE II 

Salivary digestion 

Showing the variation in the digestibility of different AMAN varieties 



Time in 
mmutes 

Mo or RtDtrciNG sugar 

Mean for 
all dilTerent 

Variety 

Sun dried 
non pohslred 

Sun dried 
polished 

Parboiled 

noirpolished" 

Parboiled 
polished “ 

treitnienls 

for 

16 minutes 

j 

1 

1 “i 

12 46 

1156 

13 86 

14 44 1 


Indrasail -j 

1 *5 

17 36 

18 64 

e 

19 96 

21 88 


i 

1 

15 

20 43 

22 97 

23 40 

25 25 

23 01 

’ 

4 

13 36 

14 44 

13 36 

14 75 


Durlshar 

S 

20 08 

21 52 

20 08 

23 13 



15 

2117 

24 62 

25 82 

26 45 

25 26 j 

• 

4 

12 46 

11 99 

12 60 

13 25 

1 

Jbmgasail 

8 

16 83 

18 54 

20 08 

2211 



15 

20 43 

2188 

1 

1 

2190 

22 65 

’ 

4 

1156 

12 27 

12 27 

13 26 


Latisail 

« 

17 36 

20 08 

22 70 

22 70 

I 


15 

20 80 

22 87 

2184 

25 35 

i 23 46 

• 

4 

12 46 

13 25 

12 46 

14 44 

1 

Bhasamaaik - 

8 

17 08 

17 20 

20 08 

20 80 



15 

20 00 

20 43 

23 40 

24 50 

22 08 ^ 

' 

4 

11 56 

12 01 

14 21 

14 21 


Nagra 

8 

17 36 

18 02 

20 80 

21 22 



15 

20 43 

21 20 

24 17 

24 76 

22 64 

•• 

4 

11 69 

12 01 

12 01 

13 25 


DXI (34) 

8 

18 41 

19 35 

23 09 

22 06 


. 

15 

20 43 

2163 

24 04 

23 97 

22 61 

1 

Mean for Jo 
ininntes 


20 95 

22 23 

2415 

25 01 

23 08 
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Table III 


Pancreatic digestion 

Showing the vanation in the digestibility of different AUS varieties 


Variety 

Time lu 
minutes 

Mo OF IlEDTJCrNG SUOAR 

Mean for 

Sun dried 
non polished 

Sun dried 
pohshed 

Parhoiled 
non polished 

Parhoiled 

polished 

- all diiTerent 
treatments 
for 

16 minutes 



4 

12 51 


12 53 

13 53 


Surjamukhi 


S 

19 05 

19 55 

18 04 

19 56 




16 

21 00 

22 06 

20 05 

22 05 

213 


■ 

4 

10 53 

11 53 

14 04 

14 04 


PXS (8) - 


8 

13 63 

17 54 

20 06 

21 55 




16 

17 04 

20 55 

23 66 

23 05 

2105 



i 

13 03 

13 53 

10 53 

11 03 


Bhntman j 


1 

8 

17 64 

18 06 

16 03 

18 04 




16 

20 05 

21 05 

19 64 

21 05 

20 42 



4 

12 53 

12 03 

11 03 

1163 


Jhanji 


1 ^ 

18 05 

16 01 

16 79 

] 5 54 




15 

19 55 

20 55 

18 04 

20 04 

19 64 


[ 

4 


14 54 

13 53 

14 54 


Kataktara 

1 

« 1 

18 05 I 

20 55 

19 79 

20 55 




15 ' 


21 05 

21 55 

23 05 

21 4‘> 


r 

4 

11 70 

' 12 93 

12 00 

12 31 


Charnock 

1 

8 

1031 

17 85 

17 93 

18 24 




16 

17 54 

19 08 

21 39 

21 70 

19 92 



4 

14 16 

14 77 

11 70 

12 93 


Dhairal 


8 

18 47 

18 47 

18 62 

18 24 




n 

19 08 

19 70 

20 47 

21 70 

20 23 


r 

4 

13 85 

14 46 

13 08 

13 54 


Kuman 


8 

18 77 



18 47 




15 

21 85 



22 93 

21 39 

Mean for 16 



19 53 

20 77 

20 4 

21 95 

20 66 

nunntea 




i 
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Table IV 

Pancreatic digestion 

Showing the vanation in the digestibility of diffeient A 31 AN varieties 


Variety 

1 1 

Time m 
minutes 

1 

Mg op reduoikq sugab i 

t 

Mean for 
aU different 
treatments 
for 

15 mmutes 

Sun dried 
non pobshed 

Sun dried 
polished 

Parboiled 
non pobshed j 

1 

Parboiled 

polished 



4 

1163 

12 53 

1 I 

1 1 

12 02 1 

12 03 


Indrasail 


8 

15 29 ' 

16 04 

18 29 

18 09 




15 

19 06 

18 04 

20 54 

20 85 

19 62 

‘ 

r 

4 

12 03 

12 53 

14 04 

14 64 


DudshaT . • 


8 

16 04 

17 04 

18 55 

20 05 1 


ll 


15 

18 65 

19 30 

2105 * 

1 

21 05 

19 99 


[ 

4 

13 54 

14 16 

12 08 

14 16 


Jhingasail 

1 

8 

17 86 

18 47 

17 62 

18 08 





19 08 

20 31 

19 35 

20 05 

19 69 


r 

4 

12 31 

13 64 

13 31 

14 77 


Latisail 


8 

16 85 

17 85 

17 00 

1 

19 08 


t 


16 

17 86 

19 08 

18 74 

20 93 

19 16 

' 


4 

1103 

12 03 

12 63 

12 03 

t 

BUasamanik ■ 


8 

16 79 

16 64 

16 79 

17 04 



. 

16 

18 04 

19 05 

20 04 

20 06 

19 29 

< 1 


4 

12 62 

13 64 

13 00 

1 

13 54 


Nagra J 


8 

' 16 39 

16 62 

17 62 

17 24 


c 


15 

19 08 

20 01 

19 35 

20 93 

19 84 

r 


4 

1 

1108 

12 31 

12 39 

12 31 


DXl (34) 


8 

14 16 

16 70 

17 39 

16 62 


1 

■ 

15 

17 54 

1 

18 77 

19 47 

19 08 

18*71 

1 

i 

Mean for 15 
minutes 


18 46 

19 22 

19 68 

' 20 33 

19 39 ' 


j 


MR 


14 
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Experimental 

The various samples of rice were powdered and sieved through a 60-mesh 
sieve and the requisite quantity was taken and treated vith a httle cold watei and 
boiled for 8 to 10 minutes It was then cooled and made up to known volume so 
that about 1 25- per cent suspension of starch was obtained A little toluene vas 
also added to prevent bacterial action The substrate was prepared every day 
before the experiment 

Each reaction mixture Was'made up as follows . 25 c c of starch suspension, 
10 c c of M/5 phosphate bufier having a pH 6 48, 1 c c of 0 2 N NaCl (which behaves 
as an activator of both the salivary and pancreatic amylases) and 3 c c of HoO 
were taken in a flask and whole kept in a constant temperature bath at 37°C ±01 
When the contents of the flask acquired the temperature of the bath, 2 C c of saliva 
in case of salivary digestion was added, thus making the volume equal to 41 c c 
In case of hydrolysis achieved by' the pancreatic amylase, 5 c c of 0 8 per cent 
trypsin instead of 2 c c of saliva and 3 c c of H 2 O, was added to the reaction 
mixture, thus making the final volume equal to 41 c c Eive c c of the reaction 
mixture was withdrawn every 4, 8 and 15 minutes and the reaction was stopped 
bv adding a few drops (10 to 12) of N HGl The reducing sugar formed, in both 
cases, was estimated by the method of Willstratter, Waldschmidi-Leitz and 
Hesse (1923) 

Each time a reading was taken immediately after adding the eniyme to the 
reaction mixture This gave the reading at zero minute Duplicate estimations 
werp carried out in every case and the mean result is given in the aboVe tables 

Digestibility op eice pkotein 

The action of the proteolytic enzymes, pepsin (Merck) and activated trypsin 
(Messrs- Carnnck & Co , U S A ) on the proteins of the different varieties of 
rice subjected to different treatments have been studied Here also the enzynes 
were preserved in a refrigerator 


- - Experimental 

The extent of hydrolysis was measured in a 25 c c measuring flask Twenty 
c c of 4 per cent rice pow'der in water was brought up to the desired pH (e g , pH 2 
in case of peptic digestion) with the addition of dil HCl or NaOH in drops Clark 
and Lube’s series of indicators for the determination of pH were used for this 
purpose The flask yv'as then kept in a theimosta'^ at temperature of 40°C In 
the case ot digestion by the proteolytic enzyme pepsin, 0 04 g[ of pepsin 
(Merck) was added to each of the measuring flasks under investigation and the 
mixture diluted to 25 c c by adding water previously heated to 40°C Five c c. 
was withdrawn from time to time and added each time to 50 c c 96 per cent 
alcohol to stopi Jthe reaction and then titrated with standard alcoholtc KOE 
(N /25) by means of a micro burette, using thymolphthalein (0 5 per cent) 
as the indicator till a permanent blue colour was obtained (Willstratter and 
Waldschrmdt-Leitz, 1921) Each time a blank experiment was made just 
adding the enzyme to the substrate to give the zero reading 
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In case of tryptic digestion 0 04 g of trypsin (obtained from Messrs Carnrick 
& Co , U S A , and known by tbe name of ‘ Trypsogen ’) was put into one 25 c c 
measuring flask and 2 c c of phosphate buffer (M/15) at pH 8 5 and 2 c c of 0 005 
M cystine solution at pH 8 5 was added to activate the enzyme {mde Gxassmann, 
1930) The flask was then kept for half an hour in the thermostat at 40°C foi 
the purpose of activatmg the trypsin by the cystine solution After the activation 
of the enzyme, 20 c c of the substrate at pH 8 5 was added to it and the reaction 
mixture diluted to 25 c c by adding water The determmation of the tryptic 
hydrolysis is just the same as in peptic digestion In this case also a blank 
experiment was carried out and the experimental result is given in the following 
tables — 

Table V 


Showing the variation in the digestibility of diff a ent AUS varieties by 
pepsin at pH 2 and temperature 40°C 




Amount of alcoholic KOH (N/25) required in o c 

1 

Variety 

Time m 
hours 

Sun dried 
non polished 

Sun dried 
])ohBhed 

Parboiled 
non pohshed 

Parboiled 

pohshed 

Surjntnuklu 

1 

1 

0 354 

0 308 

0 442 

0 484 

3 

0 524 

0 619 

0 760 

0 749 

( 

1 

0 400 

0 556 

0 580 

0 629 

PXS (8) < 

1 





3 

0 077 

0 629 

0 774 

0 810 

1 

1 

0 599 

0 649 

0 896 

0 999 

Bhutman s 






1 

3 

0 799 

0 896 

1 197 

1 197 


1 

0 699 

0 746 

0 792 

0 662 

Jhanji . < 






1 

3 

0 708 

0 885 

0 930 

0 839 

( 

1 

0 375 

0 376 

0 436 

0 532 

Kataktara < 





I 

3 

0 606 

0 466 

0 659 

0 629 

Charnock ■< 

1 

0 388 

0 406 

0 679 

0 609 





( 

mm 

0 682 

0 723 

0 970 

1 100 

Dlxanal < 


0 582 

0 682 

0 485 

0 603 




1 

3 

0 776 

0 801 

0 727 

0 778 

Kunian < 

1 

0 291 

0 385 

0 682 

0 633 

1 

3 

0 486 

0 623 

0 727 

0 827 

Moan 3 hour^ 


0 662 

0 705 

0 835 

1 

0 870 
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Table VI 


Showing the variation in the digestibility of different AM AN vaiiciies by 
pepsin at pH 2 and teniperatwe 40°C 


Variety 

Time in 
hours 

Amoust of alcoholio KOH (N/26) kequibed in oc 

Sun dried 
non polished 

Run dried 
polished 

Parboiled 
non polished 

1 Parboiled 

1 polished 

( 

1 


0 639 

0 630 

0 810 

Indrasail i 






1 

3 


0 810 

0 970 

1 016 

( 

1 


0 623 

0 796 

0 796 

DudeLar ■{ 






1 

3 


0 827 

0 936 

0 982 

( 

1 

1 

0^10 

0 970 

1021 


Jhmgasail ■( 

3 

1261 

1 122 

1 353 

1402 

i 

1 

0 291 

0 323 

0 582 

0 633 

Latisail ■{ 


i 





3 

0 486 

0 723 

0 827 

0 927 

( 

1 

0 374 

0 400 

0 468 

0 468 

Bhasamamk | 







3 

0 561 

0 623 

0 741 

OSlO 

f 

1 

1 

0 981 

1 021 

1 215 

1215 

Nagra 6S/6 | 

3 

1 215 

1 303 

1 402 

1 402 

f 

1 

0 682 

0 473 

1 

0 485 

0 468 

DX 9 (34) j 







3 

0 776 

0 623 

0 776 

0 970 

Mean for 3 hours 


0 819 

0 862 

i 

1 001 

1 

1 071 
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Showing the variation in the digestibility of different AVS vanehes by 
tiypsin at pH 8 5 and tempeiature 40°C 


Vanety 

Time in 
hours 

Amount of 

AicoHOLio KOH (N/25) bbouikep in c o 

Sun dried 
non pobshed 

Sun dried 
polished 

Parboiled 
non polished 

Parboiled 

polished 

1 

1 

0 301 

0 354 

0 631 

0 677 

SurjamuMu i 






i 

3 

0 575 

0 619 

0 885 

0 822 


1 

0 481 

0 530 

0 977 

0 961 

PXS (8) J 






\ 

3 

0 723 

0 822 

1 267 

1 257 

( 

1 

0 399 

0 599 

0 574 

0 849 

BUutman J 






( 

3 

0 599 

0 749 

0 848 

0 971 

1 

{ 

1 

0 399 

0 466 

0 233 

0 466 

Jhanji J 


i 




V 

3 

0 648 

0 699 

0 666 

1 

0 746 

/ 

1 

0 375 

0 512 

0 559 

0 609 

Kataktara J 




1 


1 

3 

0 612 

0 769 

0 725 

0 726 

1 

1 

0 679 

0 713 

0 970 

1 012 

Onartiook 1 






1 

3 

0 917 

1 071 

1 164 

1 210 

Dhairal J 

1 

0 776 1 

0 706 

0 776 

0 812 

1 

3 

0 970 

1 067 

1 067 

1 210 

Kuman J 

1 

0 388 

0 388 

0 582 

0 623 

1 

3 

0 582 

0 623 

0 970 

0 970 

Mean for 3 hours 


0 704 

0 802 

0 95 

1 001 
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Table VIII 


Showing (he varmhon in the digestibility of dffcreoU AMJfl vaiiciics by 
tiypsin at pH 8 5 and tempeiaiwe 40°C 


Vanety 

Time in 
hours 

Amount of alcoholic KOH (N/25) requieed in c o 

Sun dried 
non polished 

Sun dried 
polished 

Parboiled 
non pohshed 

Parboiled 

polished 


1 

0 810 

0 990 

1 064 

1 064 

Indrasail < 





1 

3 

0 990 

1 215 

1 354 

1451 

i 

1 

0 990 

0 970 

1 029 

0 982 

Dudshar < 


1 




i 

3 

1 080 

1 124 

1 169 

l'215 

Jhingasail | 

1 

1358 

1 215 

1 456 

1303 



1 746 



3 

1 649 

1 746 

1701 

c 

1 

0 388 

0 485 

0 582 

0 603 

Latisail < 




i 


1 

3 

0 582 

0 726 

0 970 

1 215 

« 

1 

0 167 

0 489 

0 468 

0 633 

Bhasamanik < 






1 

3 

0 654 

0 685 

0 761 

i 

0 970 

( 

1 

1 122 

1 215 

1 309 

1 215 

Nagra 68/6 < 

1 



1 649 



3 

1 496 

1 729 

1 911 

[ 

1 

0 873 

0 970 

0 873 

1 029 

DX 9 (34) J 






3 

1 164 

1 215 

1 261 

1 203 

Mean for 3 hours 

1 

1 088 

1 190 

1 290 

1 519 


Discussion 

It mil be evident from tbe above tables that both amongst the Ans and the 
Aman rice tbe individual varieties show variations from one another and also from 
the average both in the case of amylolytic as well as of proteolytic degradation 
Judging the result as a whole it wdl be seen that both the starch aud piotem of the 
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Aman rice are more digestible than those of the Aus Only ton ards the pancreatic 
amylase the Aus starch is slightly more digestible than the Aman starch Similar 
results have also been observed by Basu and Sarhar (1935a and 6) vorhmg with 
taka-diastase It will also be seen that salivary amylase hydrolyses rice starch 
more quickly than the taka-diastase 

This investigation supports the popular belief that on the whole Aman varieties 
are more readily digested than the Aus ones 

Tables V to VIII also make it clear that the proteins of rice are more readily 
hydrolysed by activated trypsin than by pepsin This fact might be borne m 
mind when prescribing this enzyme preparation to patients 

Parboiling increases the rate of digestion of nee starch and also of nee protein 
both in Aus and Aman varieties This is to be expected in view of the fact that m 
the process of parboiling, rice starch is probably dextnmzed to some extent and in 
the case of protein digestion this is most probably due to some hydrolysis of the 
rice proteins 

In case of both Aus and Aman, polished iice starch is more digestible than 
that fiom the coriesponding non-polished nee The bran thus appears to contain 
some inhibitors for the action of the enzymes studied Polishing has very little 
effect on the digestibility of iice proteins It should be noted that the non-pohshed 
Bhutmari and Jhanji, which are highly coloured, undergo very little hydrolysis by 
trypsin, whereas their hydxolysis by pepsin is not in the least retarded So it is 
suggestive that the deep-red coloured coating of these two varieties contains some 
inhibitor for the action of trypsin but not for pepsin 


Our thanks are due to Professor J C Ghosh for his interest in this investiga' 

lion 
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I 

Pbotein is one of the essential ingredients of food-stuffs and is indispensable 
for the formation of body tissues But proteins from all sources are not equall}^ 
lutihzed by the body Those lacking in essential amino-acids like cystine, histidine, 
proline, tryptophane etc , are simply de-armnized in the system, the nitrogen 
being excreted in the form of urea and the residue utilized like non-nitrogenous 
substances in the body The percentage of digested protein that is utilized for the 
maintenance of the nitrogenous integiity of the tissues and for tissue-formation 
IS known as the biological value of the protein It is evident that a determination 
of this biological value of proteins of our food-stuffs is essential before a suitable 
diet can be recommended 

Pulses contain a high percentage of protein, in some cases almost as high as 
that of meat, and form the chief source of proteins in the diets of the Indians, 
especially of the vegetarians The important problem of the determination of the 
biological value of the proteins of the two common pulses, green gram and lentil, 
forms the subject-matter of this investigation 

( 789 ) 
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The pulse? Phaseolus mungo and Lens esculenta are very widely cultivated 
m almost all parts of India and their consumption is also very great The-foiniei 
forms one of the ingredients of daily diet in west Bengal and the east Bengal people 
take the lattei variety of pulse almost daily 

The vernacular names of Phaseolus mungo are as follovs ■ — 

Sanskrit, Mudgas , Bengali, Mug , Hindi, Hanmung , Telegu, Ptslu , Guzrati, 
Maglila , Persian, Bunu mash , Arabic, Mag , English, Green gram 

The pulse Lens esculenta has the following names in different languages — 

Sanskrit, Masura , Bengali, Masuii, Masurika and Mangalyaka , Hindi, 
Masur , Tamil, Misur , Telegu, Cirisonmalu , Persian, Bunu surkha , Arabic, 
Adam , English, Lentil , Latin, Erveylens 

Susrut, one of the ancient thinkers of India, placed both the pulses at Ihe top 
of all the rest, saying — 

^ «hly4)l I 

which means that all the pulses save and except green giam and lentil, cause forma- 
tion of wind within the system when taken internally 

We find in SmnU, one of the valuable works of ancient India, that Phaseolus 
mungo has been piescnbed for those who have ]ust leceived a mental shock due 
to the loss of their parents (husbands in case of women) 

The verse says — 

The superiority of Phaseolus mungo ovei all the other pulses can also be suppor- 
ted from a verse in Sruti — 

< 

Indian vegetarians hesitate to take Lens escule?ita and the orthodox Hindus 
and Hindu widows think it rather sinful on their part to use it along vith their 
diet 

It was thought desirable, therefore to have a thorough and complete investiga- 
tion of the proteins of the two pulses (both biological and chemical) in order 
to gam some insight into their nutritive values and to find out whether the proteins 
from these sources can confidently be recommended from the scientific point of 
view as suitable substitutes for costly proteins of animal origin 

Investigations of the biological properties of isolated proteins and definite 
protein mixtures have been pursued for many years in a number of ways Thomas 
(1909) proposed the term biological value of a protein to express the percentage 
of absorbed mtrogen which was retained by the body for the repair and the 
construction of nitrogenous tissues and hence differences in digestibility of different 
proteins did not affect their biological value The term thus expressed the relative 
value of different proteins for compensating the daily mtrogenous loss in the body 
Thomas earned out a series of heroic experiments on himself He assigned to the 
proteins of milk, meat and fish biological values approximately 100, indicating 
complete utilization of the absorbed nitrogen To the proteins of corn, wheat, 
rice, potatoes and peas, the values 30, 40, 88, 79 and 56 respectively were assigned 
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by him A study of the details of the experiments of Thomas detracts greatly 
from their significance There were no prelinlinary or transition periods before 
the actual experiments were taken up and no attempt was made to insure a constant 
intake of nitrogen and calories during the short periods of investigation and the 
different proteins were fed at different levels of intake 

Sherman (1920) and Sherman arid Winters (1918) have carried out metabolism 
experiments on human subjects and maintain that cereal proteins with minimal 
additions of milk proteins seem to function with very great efficiency in the main- 
tenance of nitrogen equilibrium 

Martin and Robinson (1922) adopted the procedure of Thomas for the 
determination of the biological value of some important food-stuffs, though they 
criticized his method from certain standpoints 

McCollum et al (1911, 1914) applied this method on pigs and Wagner (1923) 
on children Mittohel (1924a and b) has elaborated a balance sheet method of 
biological evaluation of proteins using albino rats and has thoroughly discussed 
the various sources of error and the degree of aceuracy obtained therein This 
modified method consists in a determination of the average daily nitrogenous 
balance sheet on a diet contaimng a definite percentage of the protein under 
investigation Employing this method, Mitchel (19246) and Mitchel et al (1924, 
1926 1927) have determined the biological value of the proteins of a large 
number of ceieals and other articles of food The method of Mitchel with slight 
modifications is now used m almost all laboratories and has also been adopted 
by us m this investigation 


Chemical composition 

The air-dried pulses were decorticated and the seeds after removal of seed- 
coats, were ground to a Ane powder and allowed to pass through a sieve of sixty 
mesh Moistuie was determined by drying the specimens of flours at 105°C for 
10 hours and the percentage composition of other constituents was determined 
according to the method recommended by the Association of Official Agricultural 
Chemists The following is the result found on analysis (The sieved ponder 
of the pulses was used in the experiments on the determination of biological 
value) — 

Table I 


Analysis of pulses used as sources of protein 


Pulse 

Aloistare 
(per cent) 

Total 
nitroE'en 
(per cent) 

! 

Protein i 
N X 6 25 
(per cent) 

Ether 
extrac 
tives 
(per cent) 

Ash 

(per 

cent) 

Crude 
fibre 
(per 
cent) ' 

Carbohydrate 
(bv difference) 

Phaseolvs miingo 

15 00 

3 72 

j 

23 26 

2 88 

3 30 

0 81 

50 94 

Lcjw cscuhnta 

15 11 

3 62 

22 60 

2 09 

1 78 

1 

1 

0 86 

1 

63 92 
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Technique 

In the determination of biological value various devices have been adopted as 
regards the construction of metabolism cages for the quantitative separation of 
the urine and the fseees of the experimental animals In the construction of such 
cages careful arrangements must be made so that there may not be any contamina- 
tion of the faeces -with the unne as well as v ith the experimental diet The animals 
must also have no access to the faeces thus avoiding consumption of the faices 
The metabolism cages used in these experiments were those described by Akroyd 
and Hopkins (1916), with the detachable wire-floor introduced by Boas (1924), and 
with glass separators introduced by Pam of the Cancer Hospital Research Institute 
The cages and separators were made m the local market according to directions 
Such cages have also been used by Boas Pixsen (1930, 1932) in her experiments 
for the determination of biological values of wheat, maize and casein (c/ also 
Chick and Roscoe, 1930) 

Two adult male rats (weight about 250 g ) were placed in each cage The 
pair was treated as a single unit 

The determination of the faecal and urinary nitiogen on a nitrogen-free diet 
was first undertaken, and later on similar determinations on diets containing the 
different percentages of proteins (6 per cent, 10 per cent, 16 per cent) of the pulses 
weie carried out In experiments with the mtrogen-free ration, the rats were 
kept for a preliminary period of three days during which no collection was made 
and the collection of the faeces and unne were made for the subsequent four days 
With the protein diets there was a pre-expenmental period of four days and the 
experiment proper lasted lor a further period of four days 

The experimental diets were prepared by addmg the necessary ingredients 
in the desired proportion as shown m Table II The diets so prepared include 
the essential inorganic ions and the available sources of energy m a properly balanced 
proportion This composition was adopted by Boas Fixsen, Chick and Roscoe 
and later by other workers in the field and has been found to conform, more or 
less, to the requirements of the animal body so far as the non-protein nutritive 
constituents of the diet are concerned The constituents of the diet were thoroughly 
mixed up to make it as uniform as possible About 600 g of the diet was prepared 
at a time and put in a wide-necked stoppered bottle and kept in the refrigerator 
when not in use 

Samples were then taken out and protein content determined by estimating 
the nitrogen by the Kjeldahl method The approximate amount of the diet 
required every day by each set of rats was weighed into the daily feeding cups, 
cooked in water until the odour of the raw flour disappeared and made into a thick 
paste to prevent scattering Although the rats showed no aversion to the uncooked 
diet the water-cooked one was very well taken The provision of adequate amounts 
of the vitamin B complex in the experimental diet is essential for the maintenance 
of appetite and hence for a successful determination of the biological value 
Although the pulses contain some amount of the vitamin B complex the amount 
was further supplemented by the addition of 2 c c of a dilute solution of yeast 
preparation to the cooked paste The solution contained 0 002 g nitrogen per 
c c Hence the amount of protein from this source was negligible The cups 
were, then placed in the chambers at either ends of the two arms of the metabolism 
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cage In weighing out the daily food care was taken so that the food might not 
be much greater than the average daily consumption thus avoiding a large residue 
Every 24 hours the traces of residual food remaining m the cups were collected and 
preserved in the refrigerator At the end of the experiment (four days) all of the 
residual diet was dried in an oven and made into a uniform powder Nitrogen was 
estimated either in aliquot or of the whole The amount of mtrogen contained in 
the diet given in the cups during the whole expeiiments was calculated and by 
subtracting from this the nitrogen remaining with the uneaten residue the total 
nitrogen intake was obtained The amount of food consumed was also calculated 
from this 

To prevent decomposition of urine and consequent loss of ammonia 5 c c 
of a 5 per cent solution of carbolic acid and 1 c c of a 10 per cent solution of thymol 
were placed daily in the small comcal flask used to collect the urine 

The feces were taken out daily from the collecting beaker and preserved in 
the refrigerator If soiled with unne the feces were previously washed and the 
washings added to the urine bottle At the close of the experiment all of the feces 
were dried in an oven, made into a uniform powder in a mortar and an aliquot 
portion weighed out for nitrogen determination 

The metabolism cage, funnel, beaker and separator placed for the collection of 
feces and urine were daily washed with dil acetic acid and distilled water The 
urine and washings were filtered through a thin cloth into a 500 c c measuring 
flask The flask wus kept in the refrigerator At the end of the experiment the 
urine wate diluted to the mark with water and nitrogen determined in 25 c c of the 
solution , 

By dividing the total urinary nitrogen the total fsecal nitrogen and the total 
nitrogen intake by 8 — the corresponding figures per rat per day weie obtained 
The rats were weighed at the beginning and close of the experiment There was 
at least one week interval between two consecutive experiments withithe same set 
of rats ' 

The experiments with the nitrogen-free ration were similarly confjucted, there 
being a pre-experimental period of three days during which no collection was made 
The metabolic nitrogen in the feces, the urinary nitrogen of endogenous origin 
and the amount of food intake per rat per day were calculated c^ut similarly 
The metabolic nitrogen per g of food consumed was also calculated for each 
set of rats and the results applied in finding out the metaboliq nitrogen of 
the protein diet feeding peuod After about three months these experiments 
w^ere repeated , 

An essential condition for the success of the method is that diefjary proteins 
should not be utilized as a souice of energy and hence the results wmre accepted 
only of those experiments in which the food intake and hence the intake of non- 
protein calories were sufficient (not less than 120 k^ calculated per day per kg 
body-weight) 

Materials used 

Table I gives the analysis of pulses used as sources of protein 

Table II gives the composition of diets used m these experiments 


Compobthon of dtet 
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Calculation op the biological value 


Martin and Eobison, and Mitcliel have fully discussed the various problems 
involved in the calculation of the biological value of proteins from the data obtained 
from the nitrogen balance experiments 

The formula used by Matchel, and which has also been adopted by us in this 
investigation, is as follows — 


T, , ,1 Body nitrogen retauied 

Biological value = yood mtioge n absorbed X 


100 


this can be written as 

True nitrogen intake — True urinary nitrogen output 
True nitrogen intake 

fTotal urine N — Endogenous urine N) 


100 X 


= 100 X [ 1 


Total lutrogen intake — (Total faecal N — Metabolic N) 


( 1 ) 

( 2 ) 

(3) 


Martin and Robison, on the other hand, used a slight niodified method of 
calculation They plotted the nitrogen intake as abscissa against nitrogen output 
as ordinate and showed that biological value = 100 (1 — tan (f>), where ^ is the 
slope of the straight line obtained by joining the plotted point to the point 
corresponding to the nitrogen output on a nitrogen-free diet These two methods 
of calculation are practically identical 

Boas Fixsen (loc cit ), and Boas Fixsen and Jackson (loc mi ), adopted the 
latter method of calculation To express the output they introduced the term 
‘ true output ’ which is made up of the urinary nitrogen plus the endogenous faecal 
nitrogen They are hardly justified in adding the metabolic nitrogen to the 
urinary mtrogen to obtain the mtiogen output But this afiects the biological 
value only very slightly 


Metabolic nitrogen in the p^ces 

One factor which is essential for the calculation of biological value of proteins 
and about which there is still some uncertainty in spite of various controversies 
on the subject, is the metabolic nitrogen of the faeces (output of nitrogen in the 
faeces on a nitrogen-free diet) Thomas {loc mi ) maintained that metabolic 
nitrogen was independent of food intake Martin and Robison {loc mi ), on the 
other hand, thought that the composition of the diet, in particular its content of 
undigestible materials, might afiectthe excretion of metabolic nitrogen in the faeces 
Boas Fixsen and Jackson {loc ut ), as a result of some experiments on adult rats, 
have come to the conclusion that metabolic nitrogen is independent of food intake 

Mitchel (1924a), working with younger rats, has shown that metabolic nitrogen 
in the faeces on a protein containing diet is related to the amount of food consumed 
and may be measured from the total excretion of faecal nitrogen on a nitrogen- 
free diet The latter, according to Mitchel may be used with the most confidence 
when the roughage content of the nitrogen-free diet approximates that of the 
protein containing diet 

. whole question has been thoroughly discussed by Schneider 

(1934), who makes use of nitrogen metabolism data on nitrogen-free diet obtained 
as the result of 1,160 determinations Schneider has pointed out the sources of 
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error in the experiments of Boas Fixsen and Jackson and lias definitely shown that 
metabolic nitrogen of faeces does vary with the food intake although the variation 
IS not as pronounced in the case of adult rats as in the case of grou mg rats The 
observations and discussions of Schneider definitely show that metabolic nitrogen 
of a rat is made up of two parts — one part is dependent only on the weight of the 
rat and does not vary with the food intake This constant part, which, we suggest, 
be called ‘ nitrogen of the fasting metabolism is the mtercept on the ordinate of 
the straight line obtained by plotting grammes of food matter consumed per clay 
as abscissa against mg of metabolic nitrogen per day as ordinate The other 
part of the metabolic nitrogen vanes with food intake We have calculated the 
metabolic nitrogen both on the basis of Schneider’s principle and also as bc^'ing 
directly proportional to the food intake The results are applied in the calculation 
of biological value The resulting variation in the result obtained is practically 
negligible 

In using Schneider’s principle, mne points are plotted (Fig 1) using the data 
from the nitrogen-free experiments These pbints lie grouped about a straight 
line which cuts an intercept of 7 3 from the ordinate This is taken to be the 
nitrogen' of the fasting metabolism of the animals of the size used in our experi- 
ments Similarly, grammes of food matter consumed are plotted against mg 
of metabolic nitrogen per gramme of food consumed and the curve is obtained 
{see Fig 2) At intake^ higher than 15 grammes, the^curve becomes practically 
parallel to the abscissa at a distance of 1 6 v ' u! 

The metabolic nitrogen in the protein feeding experiments is obtained from 
Fig 1 from a knowledge of the total food consumed For intakes of food greater 
than 16 grammes, the metabolic nitrogen is obtained from Fig 2, i e , for mtakes 
greater than 16 grammes 1 6 is taken to be the ratio of metabolic fsecal nitrogen 
to the intake of food 

However, this method of finding out the metabolic nitrogen from the graph 
does not take into account the idiosyncrasy of the individual rats Calculation 
by this method would have been most accurate if a large number of determinations 
could have been made with every rat, consuming varying amounts of food in 
each determination 

/ , r - 

The endogenous nitrogen of urinary origin 

The excretion of nitrogen in the urine resulting from the catabolism of the 
tissues IS not maikedly depressed, if at all, by protein feeding There seems to be 
a true basal catabolism of nitrogenous substances in the tissues, such that the 
amount of nitrogen of body origin excreted in the urine, when an animal is on a 
protein contaimng dietary, may be satisfactorily measured by the total excietion 
of nitrogen in the urine in an adjacent period of feeding on a nitrogen-free diet 
This endogenous catabolism of mtrogen does not seem to be affected by an influx cf 
amino-acids from the intestinal tract , , 

The results of experiments with the nitrogen-free ration are given in 
Table III 

The results of metabolism experiments with the proteins of green gram and 
lentil are shown in Tables IV and V respectively 
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Table VI gives a comparative study of the biological values obtained by the 
three methods of calculation — 

(1) Gives the values calculated on the assumption that metabolic mtrop^n 

in the faices is directly proportional to the food intake 

(2) Gives the values calculated from the graphs 

(3) Gives the values in the calculation of vhich no allowance is made for 

the variation of metabolic nitrogen with varying food intake and the 
actual amount of nitrogen excreted in the faeces duiing the period of 
iiitrogen-fiee feeding is taken as the endogenous faecal output of a 
particular animal (Boas Fixsen and Jackson, loc ctl ). 

Table VI 


Comparison of the three methods of calculation 


Protom 
(per cent) 

Experiment 

number 

Biological value 

(1) 

(2) 

(3) 

From the 
table 

From the 
graph 

Direct 


(a) Phtueoluh initnyo 


6 8 

(1) 

63 

61 

68 

5 8 

(11) 

65 

62 

69 

1 

5 8 

(111) 

1 

62 

j 02 

59 

11 6 

(IV) 

4« 

49 

50 

11 0 

(V) 

55 1 

54 

54 

11 0 

(VI) ' 

52 

63 

53 

15 0 

(VII) 

46 

45 

44 

ISO 

(sni) 

47 

40 

1 

44 

It 0 

(IX) 

43 

43 

1 

i 

42 

1 
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Biological \aiiie 

Protein ' 
(per cent) 

Experiment 

number 

(1) 

(2) 

(3) 


From the 
table 

From the 
graph 

Direct 


(6^ Leiis escuienla 


5 6 

(I) 

61 

49 

48 

5 6 

<11) 

64 

53 

61 

66 

(III) 

56 

54 1 

63 

113 

(IV) ' 

31 ’ 

28 

28 

113 

(V) 1 

31 j 

29 

28 

113 

(VI) 

33 

32 

31 

1(5 1 

1 

(VII) 

26 

24 

24 

16 1 

(VIII) 

20 

24 

23 

15 1 

(IX) 

I 

23 

22 

1 

i 

1 21 


(c) Mtxed diet (containing 10 j)er tent protein) 


(1/ 

to 

41 

(II) 

34 

34 

(HI) 

34 

34 


Eepect of concenteation of peoteift on the biological VALHF 

A comparison of the results in Tables lY and V wdl show that as the concen- 
tration of protein in the ration increases, the biological value decreases Thus, in 
the case of green gram the biological value of the protein at a 6 per cent level is 63 
and the value falls to 62 when the piotem concentration is 10 per cent and to 45 
when the level of protein intake is increased to 15 per cent Similarly in the case 
of lentil the biological value is 53 when the protein concentration is 5 per cent, 
at 10 per cent the value is 32 and at 15 per cent the value falls to 25 

Thomas (loc cit ) supposed that if sufficient fat and car bohydrate were supplied 
to cover the energy requirements of the organism the capacity of any protein to 
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replace the nitrogenous waste of the body tissues would remain constant at all 
levels of intake 

Maitin and Bohison {loc cit ) doubted the validity of this assumption, but 
in their own experiments with the proteins of whole wheat, same values were 
obtained at difierent concentrations of protein in the diet Mitchel (19246) 
carried out a large number of experiments on the biological value of proteins 
of milk, corn, oats, rice, yeast, potatoes, navy beans and the packing house 
by-product tankage with rations containing 5 per cent and 10 per cent of protein 
VVith the exception of potatoes, the biological valtie was found smaller at the 
higher level 

Boas Fixsen {loc cit ) found the biological value of heated purified caseinogen 
to be independent of its concentiation in the diet But later on Boas Fixsen and 
Jackson {loc cit ) stated that biological value of a protein diminished with increase 
in concentration of protein 

It IS noteworthy that this decrease in the biological value of proteins is related 
to protein concentration in the ration and not to the protein intake This might be 
explained on the assumption that the greater the rate of influx of amino-acids to 
the tissues from the digestive tracts, the less the economy with which they are 
handled and utihzed If this were true, however, it would be expected that the 
utilization of dietary nitrogen in metabolism would be increased, at certain levels 
of intake at least, by increasing the number of feeds and thus causing a less rapid 
influx of amino-acids to the tissues Cbanutin and Mendel (1922) fed casein to 
dogs and found that the utilization of the protein was uneffected by the number of 
feeds Mitchel (19246), working with rats, obtained data similar to Chanutin and 
Mendel at low levels of intake But with high protein ration, Mitchel’s rats showed 
a higher utilization of nitrogen when the number of feeds was increased 

The most probable explanation for this decrease in biological value with 
increasing concentration of protein appears to be that as the percentage of protein 
in the diet increases, the probability of its being oxidized in the tissues like carbo- 
hydrates and fats, also increases In other words, with increasing concentration 
of protein the protein sparing action of the carbohydra,te decreases 


Digestibility and the pbotein value 

The percentage digestibility of a protein may be defined as the number of 
parts of nitrogen digested out of ] 00 parts of the nitrogen of the food-stuffs ingested 
It IS evident that in calculating digestibility the metabolic nitrogen in the fseces 
must be taken into account to find out the exact amount of nitrogen actuall> 
digested Much discussion has already been made on the question of metabolic 
nitrogen and in calculating the digestibility the same data as used in the computa- 
tion of biological values have been used here 

The term percentage digestibility may be expressed as — 

100 X nitrogen digested 
Food nitrogen ingested 

I Of) V Nitrogen intAke — (Fascal nitrogen — Metabolic N;) 

^ Nitrogen intake 
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The results are shown in Table VII — 


Table VII 


Digestibihty 


1 

Protein ^ 

Experiment 

EOOD NTTBOaEN 

Percentage 

Mean 

(per ceat) 

1 

1 

number 

Intake 

i 

Digested 

digestibibty 


(a) Phaaeohts mungo 


58 

(I) 

139 6 

130 6 

93 5 

58 

(11) 

166 0 

157 3 

96 5 

58 

(III) 

167 1 

148 7 

89 0 

H6 

(IV) 

131 8 

111 9 

85 0 

11 6 

(V) 

159 9 

137 4 

86 0 

11 6 

(VI) 

192 7 

166 7 

86 5 

15 0 

(VII) 

307 1 

285 5 

93 0 

15 0 

(VIII) 

387 2 

362 0 

93 5 

15 0 

(IX) 

371 2 

340 7 

92 0 


(6) Lens escnknla 


66 

(I) 

123 8 

1 115 4 

93 2 

1 


66 

(n) 

129 6 

118 2 

91 2 

1 

92 

66 

(III) 

129 9 

118 0 

90 8 



113 

(IV) 

263 8 

2421 

91 8 



113 

(V) 

297 5 

263 9 

88 7 


90 

113 

(VI) 

i 

305 6 

! 274 6 ! 

I 1 

90 0 

- 


151 

(VII) 

398 8 

373 9 

93 7 

1 


151 

(VIII) 

424 0 

385 6 

91 0 

1 

■ 92 

151 

(IX) 

410 4 

373 0 

910 
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The protein value of a food denotes the actual amount of protein utilized per 
100 grammes of food ingested It therefore depends as much upon the content 
of protein as upon the extent of its utilization in digestion and anabolism By 
combining these three it can be estimated how much is ultimately available in 
covering the protein requirements of maintenance and growth A method of 
obtaimng numerical measures of the protein value of foods has been proposed by 
Mitchel et al (1927) Accordmg to him the protein value of a food is given by the 
product of the protein content of the food, its digestibility and biological value 
Or in other words — 

Protein value = Percentage of protein X P— 

Percentage digestibilitv 

•v ^ ° 

100 

The protein values of the two pulses at different levels of intake are given in 
Table VIII — 


Table VIII 
Piotein value 


Protein 
(per cent) 

Name of 
the pnlse 

Mean 

biological 

value 

Mean dige^ 
tibility 

Pi otem 
content 
(per cent) 

Protein 

value 

1 

5 8 

Green gram 

1 

63 ! 

1 

1 

93 

23 26 

13 6 

11 6 

1 

j 

1 

86 

23 26 

10 4 

16 0 

1 

i 

»» j 

1 

1 45 

1 

93 

23 26 

9 7 

5 6 

! Lentil 

1 

[ 

1 

53 

92 

22 66 

11 1 

11 3 

1 

32 

90 

22 66 j 

6 5 

1 

1 

16 I I 

>> 

26 

92 

1 

22 66 

52 


A comparison of the protein content, biological value, digestibility and protein 
value of the two pulses with the diflerent articles of food would be interesting an 
IS given in Table IX — 
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Protein values of foods for maintenance and gioivth Leve^ of piotein 

feeding 8 to 10 pei cent 


Food 

1 

Watei 
content 
(per cent) 

Protein 
content 
(per cent) 
(flesh 
ba^s) 

Digestibility 
(corr ) (pel 
cent) 

Biological 
value 
(per cent) 

Protein 
value 
(per cent) 

Whole egg 

73 2 

13 2 

100 

94 

12 0 

Milk 

87 0 

33 

100 

85 

26 

Egg white 

86 2 

12 3 

100 

83 

10 0 

Beef liver 

71 2 

20 4 

90 

77 

14 9 

Rolled oats 

7 7 

16 7 

90 

65 

9 8 

Whole wheat 

114 

13 8 

91 

67 

7 1 

White flour 

12 8 

10 8 

100 

52 

43 

Whole corn 

10 3 

76 

95 

GO 

30 

Potato 

78 3 

22 

78 

67 

08 

Cocoa 

46 

216 

38 

37 

1 6 

Chocolate 

69 

12 9 

38 

37 

04 

Green gram 

16 0 

23 2 

86 

53 

10 4 

Lentil 

16 1 

22 6 

90 

32 

66 


Supplementaby relation among proteins oe the two pulses 

The biological value of a mixture of proteins is not necessarily the mean of 
the biological value of the individual proteins Each protein fed at a given level 
of intake might be considered to consist of two fractions One including the 
maximum amounts of several ammo-acids that can be used to make good the loss 
of nitrogen catabolism and to cause the growth of the body tissues , the other 
fraction containing the remaining amino-acids but not in the right assortment 
for the purpose of synthesis and hence destined to be de-aminized When the two 
proteins are fed simultaneously, the lattei fractions of the two might supplement 
each other and make the assortment moie complete for utilization In such a 
"dse the biological value of the mixture would be greater than the mean of the 
biological value of each determined separately It is evident that proteins having 
the same amino-acids deficiency will not exhibit any supplementary relation 
Obviously in demonstrating a true supplementary relation between two proteins 
or between the mixed proteins of two foods, it is required to measure the biological 
value of each protein separately and also in combination, the level of intake being 
the same in afi cases 

Sherman and his co-workeis demonstrated a supplementary relation between 
the proteins of cereals and milk Mitchel (1924c) showed the existence of supple- 
mentary relations between milk proteins and proteins of coin and between corn 
proteins and proteins of tankage 

We carried out experiments with a diet containing 5 75 per cent of protein 
of both green gram and lentil making the total of 11 6 per cent The result'^ are 
shown in Talile X — 
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Tke mixed diet is ill-taken by the xats and it is very difficult to obtain sufficient 
intake of calories Of the three sets of experiments mentioned in the table, the 
last two are to be rejected for insufficient calorie intake It will be apparent that 
the biological value obtained with the mixed diet is 41 and the mean of the 
values obtained with green gram (62) and lentil (82) separately at 11 6 per 
cent level is 42 Obviously, there is no supplementary relation between the 
proteins of green gram and lentil and most probably the limiting amino-acids 
deficiency is the same in both of them 

Discussion 

It will be seen from the above that though the two pulses contain the same 
percentage of protein and ate almost equally digested the biological value of the 
green gram, as measured by the balance sheet method, is distinctly higher than that 
of the lentil at all levels of intake It must be remembered that the biological value 
determined refers to the total nitrogen of the pulses and not to the total proteins, 
for a considerable fraction of the nitrogen content might be non-protein in form 
This IS specially true of the lentil Our investigations on the proteins of the two 
pulses show that a corisiderable fraction of the nitrogen m the water extract of the 
lentil IS non-protein in form This might, to some extent, account for the lower 
biological value It is not improbable, however, that this non-protein nitrogen 
might be present in the form of amino-acids and could be utilized for the main- 
tenance and growth 

Investigations on the proteins of the two pulses cairied out by us further show 
that the proteins from lentil contain much less cystine than the green giam proteins 
The relative deficiency of cystine may account for the lower biological value of 
lentil as compared with that of green gram 

It should also be noted that the rate of decrease of biological value with 
increasing concentration of the proteins in the diet is much higher in the case of 
lentil than in the case of green gram Thus fiom all standpoints the green gram 
IS superior to lentil 

Though the biological value of proteins of green gram {cf Table IX) is much 
less than that of whole egg, wheat and meat, the net ptotein value is not much less 
than these articles of food This is undoubtedly due to its high protein content of 
good digestibility 

Summary. 

1 The metabolic nitrogen of the faeces consists of two fractions one depen- 
dent only on the body-weight and the other on the amount of food taken It 
IS suggested that the first fraction be called mtrogen of thefashng metabohsm 

2 The biological values of proteins of green gram at 5, 11 and 16 per cent 
|e\ els of feeding are 63, 52 and 45 respectively The corresponding values for the 
lentil are 63, 32 and 25 

3 The biological value decreases with increase in the concentration of nrotein 

in the diet ^ 

i .^1 Protein value of green gram is 10 4 and that of lentil 6 5 at a 10 ner 
cent level of intake 
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6 There is uo supplementary relation bet-ween the proteins of the two 
pulses 

6 The green gram is superior to the lentil as a source of protein 


Our best thanks are due to the Lady Tata Memorial Trust for the award of a 
Scholarship to one of us (M C N ) 

Our thanks are also due to Prof J C Ghosh for his interest in the present 
investigation 
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In a previous communication (Basu, Nath and Ghani, 1936) were reported 
experiments in which the biological values of the proteins of green gram and lentil 
were determined by the balance sheet method of Thomas as improved by Mitchel 
With adult rats, the proteins of the green gram showed superiority over those of 
the lentil for the maintenance of nitrogen eqmlibnum It was next intended to 
investigate the value of the proteins of these two pulses in promoting the growth of 
young rats 

Osborne and Mendel (1916) have proposed that the growth of young rats 
obtained with the substance under investigation as the only source of protein, gives 
the nutritive value of the proteins of the substance In this method, the gain m 
weight secured m rats of similar size in a period of feeding on a properly constituted 
lation IS related to the protein actually consumed In comparing the biological 
values of difierent proteins by this method, however, Osb^ne arid his co-workers 

( 811 ) 
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recommended that the rats of similar weight should be made to grow at equal rates, 
eating about the same amount of similarly constituted diets, the onh vaivmg factor 
in the diet being the nature and the proportion and hence the amount of protein 
The amount of protein ingested was taken to be inversely proportional to the 
biological value 

Osborne, Mendel and Ferry (1919) later adopted the gain in weight per gramme 
of protein consumed as a measure of the growth-promoting value of the ration 
As the concentration of protein in the diet increased, the value of the ratio v as at 
first found to increase reaclung a maximum and then it declined They proposed 
to take the maximum value as the most correct measure of its biological value 
Later on, Osborne and Mendel (1920), in comparing the biological values of proteins 
of difierent cereals by this method, have simply taken the gain per gramme of 
protein ingested as a measure of the biological value vhen the different proteins 
were present at the same level 

McCollum et al (1921), on the otjier hand insist that growth experiments can 
give a correct estimate of the biological x'alues of proteins, only when such experi- 
ments include observations on longevity and reproduction Osborne and Mendel 
(1920) fully considered this view-point and concluded that growth expenments 
for a limited period, conducted under proper control can g.ve reliable informa- 
tion about the nutritive adequacy of proteins 

Mitchel (1924) has thoroughly discussed this question and is of opinion that 
mtrogen balance studies supplemented by growth experiments, as recommended 
by Osborne and Mendel are sufficient to determine the adequacy or otherwise of 
proteins in nutrition 

Hoagland and Snider (1926, 1927) also have applied this numerical method in 
extensive studies of the proteins of animal foods Morgan (1931) has determined 
the effect of heat upon the biological value of cereal proteins and casein by this 
method 

Recently Boas Fixsen et al (1934) have applied this method to determine the 
comparative biological values of whole wheat whole maize and maize gluten 

In this investigation the gain in weight per gramme of protein ingested at the 
same level of intake of protein and at comparable intake of calories, has been taken 
as the criterion in comparing the biological values of the proteins of the two pulses 
Experiments have been carried out with rations containing different percentages of 
proteins 

The composition of the diets is shown in Table II in Part I of this paper 

Experimental procedure 

Young albino rats (bred m this laboratory) of about 40 g weight were used 
Each rat was kept m a separate cage of the same type as used in vitamin Bj 
estimation To prevent loss of food, the cage was allowed to rest on a sheet of 
blotting paper This also served the purpose of absorbing the urine and 
facilitated the collection of scattered food Water was supplied from a glass bulb 
kept inverted in the cage The^test substances were fed at 5 per cent, 10 per 
cent," and 15 per cent levels m each case 




Plate XXYIII 



Photoqbaph I — From right to left Rat on normal diet, rat on green gram diet (protein 'j 
15 per cent) and rat on lentil diet (protem 15 per cent) 



PaoioORAPH ^ — trom right to leit Kit on normal diet, rat on green gram diet (protein 
10 per cent) and rat on lentil diet (protein 10 per cent) 



Pbotoqbaph 3 —From right to lelt Hat on normal diet, rat on green gram diet (protem 
6 per cent) and rat on lentil diet (protein 6 per cent) 
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Five rats were kept on eacli diet Tlie different diets were distributed 
as evenly as possible between litter mates The daily ration was weighed out 
for each rat, added to the residue of the previous day, cooked in water and 
criven in the form of a thick paste The daily amount given to each, rat was 
adjusted to the day’s requirement of the animal and thus a large residue w^as 
avoided 

At the end of every week, the residue m the feeding cup and scattered food 
were collected dried in an oven at 100°G and weighed Thus the food intake as 
well as the protein intake for the week were calculated out The weight of the 
rats were taken eveiy week The experiments lasted for 9 weeks The first week 
was treated as a preliminaiy period and no record of food intake was taken The 
calculation was made on the result of the subsequent 8 weeks 

To provide the vitamin B complex, each rat w'as supplied w ith a v eekly 
supplement of 2 c c of a dilute solution of a yeast preparation Each rat thus 
received 6 4 mg of nitiogen from this source per w^eek The total nitrogen intake 
from this source amounted to 51 2 mg in the whole experiment and was therefore, 
negligible 

The nutritive values wmre then calculated from the total protein intake and 
the total gain in weight in 8 weeks For comparison, the values, taking into 
consideration the first 4 wmeks only, were also calculated 

The change m bod 3 '^-weight was plotted against time in weeks for each rat 
Four rats representing 4 litters used in these experiments w ere also kept on a normal 
diet consisting of whole wheat and milk supplemented occasionallj’- by cod-liver oil 
and marmite and the rate of growth w^as observed as in other cases These were 
taken as the standard animals kept on a normal diet and wmre used for comparison 


Besults 

The performances of the individual rats are repiesented graphically in 
Figs 1, 2, 3 5, 6 and 7 

The complete results aic summarized in Tables I and IT 


General, ooxdition op the eats on pii feeeni diets 

The animals receiving 5 per cent diets of both the vaiieties became very 
much emaciated and looked veiy unhealthy, after about a week only Besides 
failure of growth, marked loss of fur was also observed This was veW much 
pronounced m the case of the lentil diet In the case of the lentil diet coniaimn^ 

10 per cent, as well as that containing 15 per cent protein, the rats showmd loss 
of fur though not so prominently as those on the 5 per cent diet In the case of 
gieengram li per cent diet there w as no loss of fur though the General conrlitinn 
0 the fur as regards its silkmess and smoothness seemed to ^e afiected The 
10 per cent diet of irreen mam caused loss of fur, though only very shrl ib 

In p|,TxXvin‘“" ™ plotogSpi 

J, MR 


16 
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It 'Will bn seen from tbe abo've results that wben tbe growth of young 
rats IS taken as tbe criterion, tbe proteins of tbe green gram aie immensl^ 
superioi to those of tbe lentil Thus at 10 pei cent of protein in tbe diet, tbe 

protein consumed weeks of feeding IS 1 16 for tbe green gram and 0 69 

for tbe lentil While 15 per cent concentration of tbe protein, tbe corresponding 
values are 1 23 and 0 94 The superiority of tbe proteins of green gram over 
those of tbe lentil is also evident from tbe nature of tbe feedmg curves With 
only 5 per cent of protein in tbe diet, tbe rats kept on green gram ]u8t maintain 
their weight without showing any gro'wtb, while those on lentil showed a 
decline in weight, as •will be seen from tbe curves in Figs 6 and 7 Moreover, 
tbe general condition of tbe rats on the green gram diet was much better 
than that of tbe rats kept on tbe lentil diet at tbe same concentration of 
protein in tbe ration Tbe fact that tbe rats on lentil generally showed loss 
of fur together -with our unpublished investigations on tbe proteins of lentil 
which revealed a deficiency of tbe latter in cystine, point to tbe fact that lack 
of cystine is tbe cause of this inferior performance To test this, 0 2 per cent 
cystine was added to tbe diets containing 10 per cent and 15 per cent protein 
from tbe lentd and these were given to rats 89, 102, 87 and 93 aftei tbe 
9tb week The result was growth of fur and also an increase in tbe rate of 
gam in weight Supplemented -with 0 2 per cent cystine, tbe 15 per cent diet led to 
almost a complete recovery of tbe fur in a period of two weeks, whereas in tbe case 
of tbe 10 per cent diet a distinct resumption of tbe growth of hair was noted Tbe 
effects of addition of cystine are shown in Figs 2 and 5 


Effect of the percentage of protein in the diet on the 

QAIK IN WEIGHT 

RATIO 

PBOTEUT OONSTJiTED 

It wiU be seen from Tables I and II that for tbe same cereal, as tbe concentration 
of protein in tbe diet increases, tbe value of tbe ratio also increases Thus for the 
green gram, as tbe concentration increases from 10 per cent to 15 per cent, tbe value 
of tbe ratio also increases from 1 16 to 1 23, while tbe corresponding increase in tbe 
case of lentil is from 0 69 to 0 94 

This IS in accordance with tbe previous observation of Osborne and bis 
co-workers Mitcbel (1924, 1928) has offered an explanation for tbe fact that for 
any given protein tbe value of this ratio at first increases with increasing concentra- 
tion of protein in tbe diet According to bun no account is taken in this expression 
of tbe protein required for maintenance apart from that required for growth The 
former is evidently a greater proportion of tbe total intake wben this is small In 
Fig 8 increase m weight in eight weeks is plotted agamst protein intake for each rat 
receivmg 10 per cent and 15 per cent of protein from tbe green gram and lentil and 
also on a mixed diet containing 10 per cent of protein, 5 per cent from each pulse 
It will be found that tbe experimental pomts all lie grouped about a straight Ime 
which wben produced backwards cuts tbe abscissa at a point conespondmg to 
about 9 g of protein This amount of protein should represent tbe protein 
requirement for maintenance for 8 weeks of rats varying from 50 g to 80 g in 
weight 
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The ratio p,oten. - consumec r -protlTe$L for mamtenance = ^2 should be cOUStaut 
irrespective of the concentration of the protein in the diet But in our experi- 
ments the amount of protein taken is not very great compared with the protein 
required fox mairitenance and hence this ratio has been calculated only for those 
cases where the food intake was sufhciently great Table III gives the corrected 
growth value of green gram and lentil at a 15 per cent concentration It should be 
noted that Boas Bixsen et al {loc cit ) have recently obtained 10 g of protein as the 
maintenance requirement for similar rats for a period of 9 weeks with the whole 
wheat and maize as the sources of protein — 

Table III 


Oonecied nutritive values 



Gam m weight 

^ _ Gam m weight 

Protem mtake 

“ Piotcmmtcike — 9’ 



(11 1 24 

148 



(2) 1 31 

1 62 

16 per cent 




green gram , 


(3) 1 18 

162 



(4) 1 26 

1 64 



(5) 1 14 

158 


' 

(1) 0 88 

1 05 



(2) 1 00 

1 20 

15 per tent 


(3) 0 94 

1 16 

lentil 






(4) 0 92 

1 19 



(5) 0 95 

1 31 


The effect of sex upon gkowFh per gramme of protein 
ratP Snider (1926) have raised the question of effect of sex unon tbp 
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ones Tlie experiments of Morgan (loe cit ), on tie otier iand, do not wholly 
bear out tiis 'contention and according to tie data of Morgan tiis ratio is 
independent of sex 

Mitciel (1924) is of opinion tiat mote of tie protein eaten is used for growth 
by tie male rats than by tie female ones 

Tie effect of sex on tie observed nutritive value is siow n in Table IV It 
tvill be seen tiat witi a single exception (in tie case of gieen gram diet contain- 
ing 15 per cent protem) tie male rats give a sligitly iigier value than tie 
female ones — 

Table TV 

Gc/ni'parison of gam pei qi amine of ‘protein eaten hy male and female lats 


Type of diet 

Protem level 
(jier cent) 

Number of 
rats used 

Average gam 
per gramme 
of protein 



16 2 

2 males 

1 19 



15 2 

3 females 

126 

Green gram 







10 2 i 

2 males 

124 


• 

10 2 

3 females 

1 10 

1 


16 1 i 

2 males 

0 95 

j 


1 

151 

! 

3 females 

0 93 

Lentil 







08 

3 males 

0 60 



9 8 

2 females 

0 48 

1 


The effect of dtjbation of expekihients ox gain peB geawjie 

OF PEOTEIN 

It Will be seen from Tables T and II tiat as tie period of experiment 
increases from 4 to 8 weeks tie growti per gramme of protein dimmisies 
Similar results iave been obtained by tie previous investigators in tiis field 
(cf Osborne and Mendel, 1920) 

ShPPEEMENTABY relation between the PROTEINS OF THE TU'O PULSES 

Growti experiments on a mixed diet containing 10 per cent protein, including 
3 per cent from eaci pulse, were carried out to find out if tiere was any 
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snpplementaiy relation between tbe proteins of tbe two pulses The results are 
represented graphically in Fig 4 and are summarized in Table V — 

Table V 


Biological values of mixed diet (10 pei cent protein) 


Eat 

number 

1 

1 

Litter j 

number 1 

1 

i 

Sex 

Total in 

Protem 

TAKE 

Calorie 

Initial 

weight 

Gam m 
w eight 

1 

Gam per g 
protein 

Average 
biologic al 
value 

112 

1 

F 

Female 1 

1 

12 36 I 

1 

511 

1 

38 6 

60 

1 

0 48 

1 


113 

F 

Male 1 

13 52 

560 I 

1 

40 6 i 

7 5 

0 65 

i 

1 


114 

Q 

Female 

14 52 

601 * 

41 5 ' 

7 5 

0 52 

1 

1 

■ 0 64 

116 

F 

t ' 

It 

14 44 

598 

37 5 

10 0 

0 69 

j 


116 

i 

G 

1 

I ’’ 

1 

12 93 

535 

37 0 

60 

i 

0 46 

' J 



The biological value obtained with the maxed diet is 0 64 whereas those obtained 
with green gram and lentil separately at the same level of intake (10 per cent) are 
1 16 and 0 59 respectively It is apparent that there is absolutely no supplementary 
relation between the proteins of these two pulses This observation agrees with 
the results obtained in the nitrogen balance sheet method leported already by us 
(Basu, Nath and Gham, loc cit ) 

Conclusion 

From the results of this investigation together with the results already reported 
in Part I of this paper, it is evident that both as regards replacing waste tissues and 
formation of new ones Phaseolus mungo is immensely superior to Lens esculenta 
The cause of this difference must be sought in the amino-acid make up of the 
protems from the two sources and obviously isolation and chemical analysis of 
toe proteins of these pulses would furnish valuable information on this point 
This will form the subject-matter of a future communication 


SuMMAEY 

1 4 . ^ The biological values of the proteins of green gram and lentil have been 
determined by the numerical method of Osboine, Mendel and Ferry Growth ner 
gramme of protem ingested is 1 23 at 15 per cent concentration of protein m the 
diet and 1 16 at 10 per cent concentration, in the case of green gram^ The corree 

,net 
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3 For tlie gro'vstli of young rats, green gram proteins aie immensely superior 
to those from lentil Rats on green gram ration containing 15 per cent protein 
grow almost as efficiently as normal rats kept on a diet of milk and whole y heat 

4 Rats on lentil show ed loss of fur This could be remedied by the addition 
of 0 2 per cent cystine to the diet 

5 There seems to be a tendency of the male rats to give higher biological 
values than those given by the female ones, under similar conditions 

6 There is no supplementary relation between the proteins of the tv o pulses 

7 The maintenance requirement for rats varying from 50 grammes to 80 
grammes of body-v eight appeals to be 0 g of protein from these tuo pulses for a 
period of 8 weeks 

Our best thanks are due to the Lady Tata Memorial Trust for the award of a 
scholarship to one of us (M C N ) Thanks are also due to Professor J C Ghosh 
for his interest in the present investigation 
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ENZYMIC DIGESTIBILITY OF PULSES ACTION 
OF SALIVARY AND PANCREATIC AMYLASE 
AND OF THE PROTEOLYTIC ENZYMES 
PEPSIN AND TRYPSIN 


BY 

KALI PADA BASU, d sc (Dac), ph r» (Munich), 

AND 

SATIPRASAD MUKHERJEE, m sc 
{From the Biochemical Section, Chemical Laboratories, Dacca University ) 


[Received for publication, July 24, 1936 ] 

Pulses form a constant ingredient of the daily diet of the Indian For 
the vegetarians they form the chief source of proteins The readiness with 
which their proteins and also their carbohydrates are digested in the body in 
the presence of the different substances of which they die composed should be 
different The value of these food-stiiffs should to some extent depend on 
the rate of their digestibility Some in vitro experiments have been carried 
out and the results of these experiments should throw some light on the in vivo 
processes 

The digestibility of the most common pulses, the green gram {Phaseolus mungo), 
lentil {Lens esculenta), peas {Pisum arvense), gram {Cicer anetinum) and also of two 
varieties of soya bean, the black and the white, forms the subject matter of the 
present investigation The two varieties of the soya bean were very kindly supplied 
by the Economic Botanist to the Government of Bengal 


Experimental 

The digestibility of the proteins has been determined with pepsin (Merck) and 
trypsin (Messrs Carnrick & Co , U S A ) activated by cystme The starch hydro- 
lysis has been carried out with saliva and also with pancreatic amylases. 

( 827 ) 
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BnzymiG Digestibility of Pulses 


The technique employed was the same as m the pre\ ions investigations on the 
digestibility of the different varieties of Bengal rice by Basu and hlnhlierjee (1935) 
The results are given in the follow ing tables — 

Table I 

Showing the variation in the digestibility of different jiulses by the 
proteolytic enzymes, pepsin and trypsin at tempeiature 40°C 
and pH 2 and pH 8 5 ipspeclively 


Vaneti 

Time in 

AmOUJJT 01 ALCOHOLIC 

KOn (N/25) n-EQLiRFn 

0 c 

hours 

B\ pepsin 

tryp®m 

r 

1 

0 565 

0 819 

Lentil (Lens esculenla) J 




1 

3 

0 304 

1 469 

[ 

1 

0 537 

0 701 

Peas (P)Siitn arvense) 




1 

3 

0 810 

1 130 

1 

1 

0 338 

0 151 

Green gram (Phaseolua mwm) J 




1 


0 564 

0 789 

[ 

1 

0 376 

0 647 

Gram (Cicer anettnum) 




1 

3 

0 537 

] 075 

[ 

1 

0 577 

0 577 

Soya bean (white) ■> 

i 



1 

3 

0 787 

0 840 

f 

1 

0 565 

0 631 

Soya bean (black) ^ ■ 




1 

3 

0 739 

0 810 

■Rice non polished 

] "Mean f 

0 74S 

0 827 


1 for 3 \ 




1 hours 

0 787 

0 900 ' 

Rice poli-^hed 



„ 
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Showing the variation in the digestibility of different pulses by the 
salivary as well as the pancieaiie amyutses 



Time m 
minutes 

Mg or eeducing sugar 

Vanetj 

Sahrary 

digestion 

Pancreatic 

digestion 



4 

8 37 

7 67 

1 

Lentil (Lens e<<cvhnia) i 


8 

10 76 

9 67 

1 

V 

I'i 

12 66 

11 86 



1 

4 

6 62 

8 37 

! 

Peab (Pisum arvense) 


8 

10 01 

1 

10 76 



16 

10 61 

1 

11 86 


1 

4 

6 62 

7 32 

Green jirain {Phaseolns mingo) 


8 

9 05 

9 32 


k 

15 

11 05 

10 81 


[ 

4 ‘ 

6 02 

6 82 

Gram (C)ccr arxehmm) j 

I 

1 

8 i 

9 12 

8 60 


i 

i 

16 

9 96 

8 96 


' 

4 

5 58 

6 27 

Soya bean (-white) 


8 

8 67 

9 76 



16 

10 06 

11 16 



4 

5 48 

6 88 

Soya hem (blacb) 


8 

8 68 

9 06 



15 

9 97 

11 16 


Discussion 

The pulse proteins, it will be seen, are more readily hydrolysed by trypsin than 
by pepsin Towards pepsm, gram is the least and lentil the most readily digestible, 
whereas green gram and lentil are the least and most digestible respectively in case 
of tryptic digestion 

Considering the tuo most common pulses, the green gram and the lentil 
investigations in this laboratory (Basu, Nath and Ghani, 1936) show that the 
biological value of the proteins of green gram at 11 per cent level of intake is 52 

J, MR „ ’ 



830 


Enzyimc Digeshbihfi/ of Pidses 


the corresponding figure for tire lentil lieing 32 The percentage digestibihU ior 
the proteins of both the pulses is almost the same in two cases, the value being 90 
The superiority of the green gram over the lentil as a source of protein is to some 
extent diminished by the fact that the piotcins of the lentil are much more easily 
digested than those of the green gram 

Although the pulses contain about 3\ times as much proteins as uce it wifi be 
seen that the amount of amino-acids obtained after three hours’ hydiolysis is of 
the same order in the c.ise of nee and the pulses Thus rice jirotein appeals to be 
more readily digestible than the pulse protein IMoreover, the biological lalue 
of rice protein is also quite high being 86 (Mitcliel 1924) The rice protein 
appears to be of a better quality than the pulse protein 

The rate of digestibility of soya bean proteins is .of the same ordei as that 
of the pulses studied Our investigations show' that soya bean contains a ven 
high percetitage of proteins 46 10 per cent Hose and McLeod (1925). cxpeiinieii- 
ting on four young women found that on a soya bean diet the faecal mtrogen was 
high showing a low’ biological value of the pioteins, but that nitrogen equilibrium 
was maintained on a very low’ intake Thus a more extensive use of the soya 
bean as a food-stuft especially by the adult people in this country, can be recommen- 
ded The nutritive value of the proteins of the soya bean is under investigation 
in this laboratory 

So far as the digestion of the carbohydrates is concerned the lentil starch 
appears to be the most digestible towards salivart amylase Towards the pan- 
creatic amylase all the cereal-staiches investigated are almost equally digestible 
with the exception of those of the green gram and gram w’hich are the least 
digestible ones 


Our thanlcs are due to Professor J C Ghosh for his interest in this investigation 
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THE RELATION BETWEEN THE COMPOSITION OE THE 
DIET AND THE URINARY EXCRETION OE 
ASCORBIC ACID 

BY 
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AND 

AAIRITA NATH ROY 

{Piom the Depaitnienl of Biochemtstty and Nntntion, Indian Institute 
fo) Medical Besearch, Calcutta ) 

[Received for publication, September 30, 1936 ] 


The mvestigation was undeitaken witli a view to find tfie relation, if any, 
between the ingestion of high-carbohydxate, high-protein and high-fat diets and 
the urinary excretion of ascorbic acid It was considered that this might throw 
some light on the function of vitamin 0 in relation to metabolism and on the need 
of vitamin C by different communities habitually living on different diets Meat 
(mutton) and casein were used as two different sources of protein and butter was 
used as the source of fat 

The Tillman’s method of estimating ascorbic acid by titration against 2 6 
dichlorophenol-indophenol as developed by Hams and Ray (1933) was employed 
(see also Chakraborty, 1935) In all cases twenty-four hours’ urine was examined 
The urine was titrated immediately after excretion whenever possible but the 
uiine voided at night and m the following morning were preserved by adding 
sufficient glacial acetic a'cid to the urine so that the strength of the solution was 
approximately 10 per cent The urine that was preserved at night was titrated 
ivithin 8 to 9 hours of excretion and the urine that was voided early in the morning 
was titrated wuthin 2 or 3 hours of excretion 0 05 c c of 0 01 M solution of the 
dye was used to which 1 c c glacial acetic acid was added (Ghosh and Guha, 1936) 
and the titrations against urine were completed within one minute The evaluation 
of ascorbic acid in urine by this method is based on the assumption that the reducing 
substance in urine consists solely of ascorbic acid — an assumption winch is supported 
by the evidence of the work of Hams and Ray (1936) 


* Ladv Tata Memonal fbcholai 
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Diet and the Unnaiy Excietion of Ascorbic Acid 


The subjects of the experiments were tu o healthy Bengali young men, B K C 
(easel) and A N B (case II) They started bj taking the usual Ingh-carboh) drat e 
Bengali diet, consisting, on an average, of 672 g boiled rice, 112 g dhal (boiled 
aqueous decoction of pulses), 90 g fish curry and 160 g vegetable curry 
approximately in case T and 742 g boiled rice, 123 g dhal, 100 g fish curr) and 
146 g ^ egetable curry approximately in case II 

The ascorbic acid content of the urine collected ovei 24 hours uas estimated 
for four days The experimental subjects were then placed on a high-protein diet 
for seven day=, iii which meat replaced an approximate!) equal quantity of iice, 
the proportion of meat being gradually raised from 115 g on the first tvo daj s to 
461 g on the 7th day The daily urinary excretion of ascorbic acid ivas estimated 
on this diet The subjects were then put on the usual high-carbohydrate Bengali 
diet for se\eu days, by which time the urinary output of ascorbic acid decreased 
The subjects were then placed on a high-fat diet for six days in which butter fat 
replaced approximately an equal quantity of nee The proportion of fat was raised 
from 58 g on the first day to 230 g on the 5th and 6th daj s and the daily excretion 
of ascorbic acid was noted The subjects were then placed again on the ordinary 
Bengali high-carbohydrate diet for 7 days to allow the urinary output of ascorbic 
acid to fall The subjects were then fed on a high- protein diet for five days, in 
which casein replaced an approximately equal quantity of rice, the proportion of 
casein being increased gradually from 115 g on the first day to 403 g on the 6th 
day and the daily output of ascorbic acid in urine was estimated 

The figures are given in Tables I, II, III and lY It has to be mentioned 
that, duiiiig the whole course of the experiment, cooked food was taken and 
fresh fruits were scrupulously avoided so that the results might not be 
complicated by the consumption of unknown quantities of ascorbic acid As 
the experiments were carried out during the hot months, the volumes of urine 
voided n ere usually low 

Table I 


Exjienment wUh the xismi Ingh-caibohydiate Bengali diet 


1 

Date 

Normal qoantita of j 
diet tal en per day ] 
(approNimalc figures 1 
mg) 1 

1 

\ olunie of urine 

1 passed m 24 
hours (c c ) 

lotal quantity of 
ascorlne acid (rag ) 
e\c reted m urine 
during 24 liour. 


Case 1 


20-4-35 

921 

571 

i 8 00 

1 

31-4-35 

1,036 

S33 

9 01 

22-4-35 

r92l 

854 

1 

10 82 

23-4-35 

1,151 

Sll 

9 65 

Average 

9 54 
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833 


Date 


Normal quantit}. of 
diet taken per day 
(approximate figures 

mg) 


Volume of unne 
passed in 24 
hours (c c ) 


Total quantity of 
ascorbic acid (mg ) 
excreted in urine 
dunng 24 hours 


Case II 


20-4-15 

1,213 

476 1 

0 42 

21-4-35 

07S 

483 ^ 

9 76 

22-4-35 

1,151 

490 

10 12 

23-4-35 

1,20S 

454 

9 69 

Average 

9 75 


Table II 


Ezpenmeiil with high-proiem {meat) diet 


Date 

Total quantity of 
diet taken per dav 
(approximate figures 
m g ) 

Quantity of high 
protem 'diet taken 
per day (g ) 

Total volume 
of unne (c o ) 
excreted per 
daj 

Total quantity of 
ascorbic acid (mg ) 
per day 

24-4-33 

021 

Case I 

ns 

743 j 

13 25 

25-4-35 

979 

116 

1 824 

12 96 

20-4-35 

921 

230 

1,082 

11 91 

27-4-35 

803 

230 

824 

12 08 

28-4-35 

979 

230 

642 

10 26 

29-4-35 

921 

345 j 

708 j 

11 15* 

30-4-35 

1,036 j 

461 : 

1 

851 

12 91 



Average | 

1 12 07 

244-35 

, 1,030 

Case II 

115 

1 565 1 

, 10 46 

26- 4-35 

27- 4-35 
26-4-35 

29- 4r-35 

30- 4-35 

001 

115 

[ 606 

10 56 

800 

230 

633 1 

14 09 

806 

230 

634 ; 

12 43 

749 

230 

427 

,8 19 

749 

345 

137 

8 94 

803 

401 

632 

12 87 
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Tablf ni 


Expel unent loith hgh-fat {buttei fat) diet 


Date 

Total quantity of 
diet taken per da\ 
(approximate figures 
111 g ) 

lotui quantity of 
of high fat diet 
taken per daj (g 1 

Total ^ olunic 
ol urine (c t ) 
excreted pei 
dax 

Total quantity ol 
ascorbic and (mg ) 
excreted per da\ 



Case I 



8-0-35 

SOG 

58 

523 

12 ()t 

1 

9-0-35 

921 

115 

“>05 

1 

15 10 

10-5-35 

749 

1 

115 

1 

1 

572 

14 08 

11-5-35 

749 

173 

I 

587 

14 G2 

12-5- 15 

518 

210 

tS7 

14 85 

lo— 0— 3o 

518 

230 

585 

15 05 

Average 

14 09 


Case II 


t>-5-35 

979 

58 

j 31G 

0 02 

9-5-35* 

979 

1 

115 1 

1 

357 1 

11 75 

10-5-35 

863 

173 

352 

17 70 

11-5-35 

SOG 

230 

344 

17 44 

12-5-35 

691 

1 

230 

1 

387 

17 18 

j 

Average j 

14 80 


* Tlieso experuuents -sMth lugh fat diet -were commenced when the nnnary excretion of ascorbic 
acid per da\ had dropped to 10 21 mg and 8 11 mg in cases I and IT rcspcctivclj after an interval 
of 7 days on the ordmaij' high carbohj drate diet 
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Table IY 

Experiment* with Jngh-protein {casein) diet 


Date 

Total quantity of | 
diet taken pet day 
(approvimate figures 
in g ) 

Total quantity of 
high casein diet 
taken per day (g ) 

Total volume 
of urine (c c ) 
excreted per 
dav 

Total quantity of 
ascorbic acid (mg ) 
exeicted pei day 



Cate ] 



21-5-35 

306 

115 

fill 

1160 

22-5-35 

306 

173 

015 

12 88 

23-5-35 

363 

173 

023 

12 90 

24-5-36 

806 

288 

703 

14 26 

25-5-35 

‘740 

403 

008 

10 54 

Average 

14 65 



Cate II 



21-5-35 

863 

115 ! 

1 528 

12 91 

22-5-35 

363 ' 

1 

173 

1 417 

12 84 

23-5-35 

740 

173 

571 

12 30 

24-5-35 

863 

2S8 

539 

1 

12 47 

25-5-36 

806 

403 

I 631 

[ 16 10 


Average 


13 12 


* These experrmentb ^^ele comiiieuced when the luinary evcretion of ascot hie acid per dav 
had fallen to 9 17 mg and 10 46 mg in cases I and TI respectively after an interv al of 7 days on the 
usual high carbolivdrate diet 


Discussion 

It will be observed that in case I tbe average daily urinary output of ascorbic 
acid, 9 64 mg , on tbe usual Bengali higli-carbobydrate diet rose to 12 07 mg on 
tbe meat diet, an increase of 26 5 per cent It fell to 30 21 mg on tbe Subject being 
placed again on tbe usual bigb-carbobydrate diet, but rose again to 14 09 mg on 
tbe bigb-fat diet, an increase of 38 0 per cent On tbe resumption of tbe oidmarv 
diet It fell to 9 67 mg , wbicb rose again to 14 65 mg on tbe subject being placed 
on a casein diet an increase of 63 1 per cent 

In case II tbe usual bigb-carbobydrate diet gave an ascorbic acid value of 
9 75 mg , vrbicb rose to 11 08 mg on a meat diet, an increase of 13 64 per cent 
A period of tbe usual bigb-carbobydrate diet brought tbe level down to 8 51 mg 


836 


D^et and the Unnaiy Excietion of Asmhc Acid 


wliich rose again to 14 80 mg on a high-fat diet, an increase of 74 0 per cent On 
being diverted to tlie usual high-carbohydrate diet, the level fell to 10 46 ni" , 
vhich rose again to 13 12 mg on a casein diet, an increase of 25 4 per cent 

It appearsirom these results that there is a considerable increase in the-iirinarj 
excretion of ascorbic acid m both cases I and II on a high-fat diet as v ell as on t\\ o 
high-protein diets one containing casein and the other meat It is not improbable 
that the higher figuics for the urinary excretion of ascorbic acid m England, as 
given by Harris and Ray (1935), are due to the greater consumption of meat in 
that country The relatively lower figures obtained by us do not necessaril) 
indicate vitamin C sub-nutntion, as in some unpublished experiments v e liaA e 
found that a sharp peak is produced in the urinary excretion of ascorbic acid on 
the ingestion ot extra vitamin C {cf Harris and Ray, 1935) 

The nature of the chemical events, which underlie the increased excretion 
of ascorbic acid in urine on high-fat and high-protem diets is under investi- 
gation It appears possible that ascorbic acid has some special role in the 
metabolism of fat and protein 

The possibilitv of the presence of other reducing substance or substances m 
urine, which imght complicate these results, is under investigation 

Summary 

In dietetic experiments with two healthy Bengali males it has been found 
that a high-fat diet (with butter as the source of fat) as well as two high-protem 
diets (one containing casein and the other meat as the source of protein) pioduce a 
significant increase m the total daily urinary excretion of ascorbic acid, as 
determined titrimetrically 

We are indebted to Dr B C Guha for advice and to Dr H Ghosh and 
Dr J C Ray for their kind inteiest and for providing facilities One of us 
(R K C ) also wishes to thank the Trustees of the Lady Tata Memorial Trust 
for a scholarship 
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In a previous paper (Ghosh, 1935) it has been shown that the mutual mteraction 
of antigens with anti-bodies can be quantitatively accounted for by equations based 
on the assumption that the antigens are preferentially adsorbed by then respective 
anti-bodies or vice versa In that paper although the possibility of existence of 
comphcated types of adsorption was recogmzed, the cases considered in detail 
were comparatively simple These weie (I) where an antigen or anti-body particle 
occupies one active point on the surface of the adsorbent and (II) where such a 
particle occupies two active points on the surface of the adsorbent In the present 
paper some examples will be considered in which the anti-body samples appear to 
consist of two types of particles, one type consisting of particles each of winch 
occupies one active point and the other type consisting of particles each of which 
occupies two active points on the surface of the antigens Such examples therefore 
constitute a mixed type of adsorption involvmg simultaneously the reactions 
contemplated under cases I and II in the previous paper 


The adsorption isotherm for such a mixed type of adsorption may be deduced 
in the following way Let us assume that a sample of anti-body consists of two 
types of particles as described above Let the particles, each of which occupies one 
active point on the surface of the antigen be denoted by particles of type I and the 
particles each of which occupies two active points be denoted by particles of type 71 

In T umts of this sample of anti-body let T\ units be contributed by particles 
of type I and units by particles of type II 

Then T = -f T 2 

7 r= y a constant for this particular sample 


J, MR 


( 837 ) 


1 
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Again 

y -1 1 

T> 


7 ’. . 1 3 

^ 1 ^ J1 

't 

y + 1 


Also Ti^T-Tz=^T 


3’. 


T ^ yT 
y + 1 y + 1 


Let us now suppose that T umts of the anti-hody sample are added to C 
units of the antigen and that the volume of the system is always brought 
to a constant value When equilibrium is attained let P umts of anti-body be 
adsorbed To this total adsorption of P units of anti-body, let the contribution 
of the particles of type I be P] and that of particles of type II be P> umts, 
1 e , P = Pi -b Pi 

Again let one unit of antigen contain x particles each of average surface area 
S sq cm and let n be the number of active points per unit area of the surface where 
adsorption is possible Then the total number of such active points for G units of 
antigen is GxSn 

If Pi units of particles of type I occupy K]P\ active points and Pz units of 
particles of type II occupy KoPo active points at equilibrium, then the number of 
free active points is equal to (CxSn — KyPi ■— K 2 P 2 ) 

So the fraction of the surface which is free is equal to 
(P'ltitmg xSn = N) 

(I) Therefore the rate of adsorption of particles of type I 

K, (ON-K^P^-K.P^] (T^-P^) 

— CN 

and the rate of their desorption 

_ Ml 
~ ON 

At equilibrium 

K, {ON - K,P, - K^,) (T, - P,) K,P, 

ON ~~ CN • • 


Now if KiPi and K 2 P 2 are very small compared to CN they can be neglected 
without introducing any appreciable error in the calculation 

Furthermore if (7 is maintained constant then equation (a) reduces to the form 

N5 (Pi - Pi) = lUPi 

or, (Pi — Pj) = KaPi (putting = ^ ) 


But 


P 

y+l ^ 


Pi = 

* ~ ( A'oTt) 



. ( 1 ) 
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{11) The rate of adsorption of particles of type TI, since each of them occupies 
two neighbouring points on the surface, is equal to 

K' {GN - - KPy {T, - P,) 

' (Wp 

and the late of their desorption is equal to 
ir (P,T 
{GNr 

Therefore at equilibrium 

K' (ON - K,P, - IW - P,) K' (P,r- 
(OFf (GN)- 

Now neglecting KiPi and K 2 P 2 for reasons already stated we have 

K' {0N)2 {Tz - Pi) = K" {P 2 V 

01 , f' (0IV)2 (y, _ P 2 ) =, (P2)2 . (6) 

when G is maintained constant (QN)^ is constant 

ITf 

Therefoie putting Kx for {GN)^ we can write equation (6) 


in the form 

Kx (Ts - Pi) = Pi- 
or, P^ -j- KxPi — KxT^ — o 
Solving for Pj and takmg the real root, we have 
-K. + y Kl + 4ZrT 


But Ti 


P2 =- 

T 

r + 1 


Substituting this value of To m the above equation, we have 


-Kr + + 4 

P2= ^ 


li 


( 2 ) 


Therefore the total niunber of iimts P of anti-body adsorbed is given by the 
equation 

P = P. + Pi = ),-fi 2-+ z£ijL!5£+±t£(l±i) (3) 

Since y, Kx and Ka are constants the above expression can be written as 


P = KoT -f 


-Z, f y/Kl+^.KyT 
2 


- s:Vi ivh ) = 


-gx 

y+ 1 


(4) 


It should be noted that Kx >Ky and that the right hand side terms of equation 
(4) contains T as the only variable , Ko, Kx and Ky being constants 

Therefore for dr&erent known values of T it is possible to calculate from 
equation (4) the corresponding values of P, and therefore also of (T — P) provided 
the constants Ko, Kx and Ky are evaluated first 
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Adsorption or aggldtinin by typhoid BAciUii 

Eisenberg and Volk (1902) have measured the adsorption by t}-phoid bacilli of 
their specific agglutimn The agglutmm serum was diluted vith physiological 
salme so as to obtain solutions of different requisite strengths A given volume of 
each of these solutions was mixed separately with a fixed volume of a suspension of 
typhoid bacilli contamed m a series of tubes After allowing sufficient time for the 
attainment of equilibrium, the tubes were centrifugalized and the amoimt of free 
agglutimn in each was estimated The difference between the number of imits of 
agglutmm taken and the number of umts left free gives the number of units of 
agglutimn adsorbed In Table I the observed values of the units of agglutinin 
adsorbed are compared with the values calculated from equation (4) The constants 
z= 0 32, Ez — 2,000 and Ey = 1,250 were evaluated from three sets of experi- 
mental data correspondmg to three different values of T (the number of umts of 
agglutmm taken) It may be pointed out that under the experimental conditions 
stated above, amount of free agglutmm less than one unit cannot be determined 

Considering the limits of error possible m such experiments, the agreement 
between the observed and calculated values appears to be quite good 

Table I. 


Eo = 0 32, Ex = 2,000, Ey = 1,260 


Umts of 
iigglutmm 
added (5') 

Units or agomitinin 

APSORBED 

j Observed 

{ Caluilated from 

1 equation (4) 

' i 

1 

2 

1 

1 1 0 

1 

20 1 

20 

19 0 

40 

40 

37 8 

200 

180 

1 182 

400 j 

340 

, 352 

{ 

2,000 

1,600 

1 1,510 

10,000 

0,600 

i 6,870 

1 

20,000 

11,000 

1 10,600 

1 

! 
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In Table II are compared the values of free agglutinm as observed by Eisenberg 
and Volk with those calculated from equation (4) and also from the empirical 
adsorption isotherm B = Ka” used by Arrhemus (1907) In this equation B repre- 
sents the number of units of agglutmin adsorbed, a the number of units of agglutinm 
free and K and w are constants, E = 24 7, w = § It may be mentioned that m the 
expeiunental procedure adopted by Eisenberg and Volk the amount of free agglutinm 
]ust equal to or less than one unit could not be estunated and had to be recorded as 
equal to zero Takmg this fact mto consideration the values calculated from 
equation (4) are m as good agreement with the observed values as those calculated 
from Arrhenius’ equation 


Table II 


Typhus agglulimn 

Ko=0 32, Kx = 2,000, Ky = 1,250 


Unite of 
asglatmm 
added {T) 

Units of AGaiiimNiN fbee 

Observed 

Calculated from 
equation (4) 

Calculated from 
Arrhenius’ 
equation 

2 

0 

0 1 

0 02 

20 

0 

10 

0 70 

40 

0 

22 

2 10 

200 

20 

18 

19 70 

1 

400 

60 

48 

51 

2,000 

500 

490 

478 

10,000 

3,B00 

4,130 - 

4,269 

20,000 

9,000 

9,500 

9,400 


Adsorption op agglutinin by cholera vibrios 

The adsorption by cholera vibrios of their specific agglutmin was also measured 
y insenberg and Volk (1902) The experimental procedure was the same as m the 
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adso^tion of agglutinin by typboid bacilli In Table III tbe observed values of the 
number of units of agglutmm adsorbed corresponding to different values of the 
umts (T) of agglutinin taken are compared intb those calculated from equation (<i) 
Tbe constants Ko, Ex and Ky vere found to be 0 31, 1,250 and 800 respectively 


Table III 
CJiohia (igghdmin 

Ko =- 0 31, Ex ^ 1,250, Ey 800 
Units or Kcovarn^js 


Units at ' AnsOKBTO 


ngglutmm 
added (T) j 

I 

1 

Obien cd 

i 

Calculated from 
equation (4) 

2 1 

i 

1 

1 

2 

1 

1 

1 

i 

, 1 92 

1 

20 

1 

20 ! 

1 

19 10 

40 

38 

37 60 

t.7 

1 CO 

1 

1 62 00 

?00 

1 120 

1 179 

2,000 

1,300 

1 

1,400 

11,000 

G,o00 

6,860 

20,000 

10,000 ! 

10,380 


In Table IV are recorded tbe values of free cholera agglutmm observed by 
Eisenberg and Volk together with those calculated from equation (4) and also from 
the empirical equation B ~ Ha” used by Arrhenius where B, a, E and v have the 
same significance as stated before In this case IT = 19 and n — ^ It should be 
noted that m these experiments also the amount of free agglutmm ]U8t equal to or 
less than one imit could not be estimated and had to be put equal to zero The 
agreement between the observed and calculated values is fairly good except where 
the observed value of free agglutmm is 80 and the calculated value is 21 oiilj 
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Eisenberg and Volk, however, admit in then memoir the possibihty of this particular 
observation being vitiated by accidental error 


Table IV 

Ko =0 31, Kx = 1,260, Ky = 800 


Umts of 
agglutinm 
added (7') 

Units of AoaLimNiv feef 

Observed 

Calculated from 1 
equation (4) 

Calculated from 
Arrhemus’ 
equation 

O 

0 

! 

1 1 
0 08 

! 

0 03 

20 

0 

0 90 

1 00 

40 

2 

: 250 , 

2 80 

07 

7 

1 

6 00 

6 60 

200 

80’ ' 

1 

21 

1 

2V 

2,000 

700 

000 

j 620 

11,000 

4,500 

1 

1 

6,140 j 

1 

6,200 

20,000 

j 10,000 

10,380 

i 

1 

i 

10,750 


Adsorption by erythrocytes of ox of their specific h^bmolysin. 

Morgenroth and Airhemus (1907) carried out some experiments on the adsorp- 
tion of lismolysm produced by injectmg erythrocytes of the ox mto the veins of a 
rabbit The immune serum of the rabbit was diluted with physiological saline 
so as to obtain solutions of different strengths These were cooled to a low tem- 
peratiue and a given volume of each of these solutions was mixed separately with a 
fixed volume of a suspension of ox erythrocytes contained in a senes of tubes The 
tubes were kept at a low temperature and after about an hour they were centrifuga- 
lized The number of umts of hsemolysm free in the supernatant fluid in each 
tube was then determined In Table V are recorded the values of the umts of 
hsemolysm adsorbed as observed by the above authors together with the values 
calculated from equation (4) The constants Ko, Kx and Ky are found to be 0 245, 
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2,330, and 1,450 respectively It will be noticed that the agreement hetv een tin 
observed and calculated values is fairly good 


Table V 

Ko =0 245, Kx = 2,330, Ky = 1,450 


Units of 
hajmolysm 
added (/) 

Units of H-imolvsin 
ADSORBEP 

1 

1 

Obse’Tred 

Calcnlated from 
equation (4) 

260 

226 

208 

330 

276 

271 

070 

500 

623 

1,330 

350 

060 

2,700 

1,710 

1,790 

6,000 

3,070 

2,990 

10,000 

6,800 

6,270 

16,700 

7,820 

7,980 

33,000 

13,900 ' 

1 

1 

1 

13,440 


Adsorption by erythrocytes of sheep of their specific ha:molysin 

Morgenroth and Arrhenius {loc at) measured the adsorption of hsemoljsm 
(heated at 56°C for some tune) by sheep’s erythrocytes The hsemolysm was 
prepared by mjectmg erythrocjdes of sheep into a goat The experimental 
procedure was the same as described previously In Table VI the observed 
number of umts of haemolysin adsorbed are compared with the values calculated 
from equation (4) The constants, Ko, Kx and /f?,, were found to be*^0 42, 5,150 and 
2,750 respectively It will be noticed that there is fauly good agreement between 
the observed and calculated values. 
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Table VI 

Ko = 0 42, Kx = 6,150, Ey = 2,750 


j Units of hamoovsin 
Units of I ^dsobbed 


liseTnolyBin 
added (T) ' 

1 

1 

Observed 

Calculated from 
equation (4) 

1 

200 

189 6 

189 

400 

374 

373 

800 

1 723 

723 

1,600 

1,384 

1,410 

3,200 

2,400 

2,690 

6,400 i 

6,230 

6,040 

12,800 

9,420 

9,270 


In Table VII are recorded Morgenroth’s data on the ntimber of units of 
haemolysin left free along with the values calculated from equation (4) and from the 
empirical equation B = used by Arrhemus In this equation B, a, K and n 
have the same significance as mentioned already , K was equal to 39 6 and n was 
equal to | 


Table VII 

Ko =0 42, Kx = 5,150, Ey = 2,750 


Units of 
hfflmolysm 
added (7) 

Units of h;ejiolysin fref 

1 Observed 

1 

Calcidatod from 
equation (4) 

Calculated from 
Arrhemus’ 
equation 

200 

10 6 

11 

10 5 

400 ; 

1 

j • 

1 26 

1 

27 

288 

800 

77 

77 

78 4 

1,600 

216 

190 

207 

3,200 

800 

510 

660 

0,400 

1,170 

1,370 

1,420 

12,800 

3,380 

' 

1 

3,630 

3,670 
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Conclusion 

Tlie data lecorded iii Tables I to VII show that the \ allies calculated from 
equation (4) deduced by the author are in agreement with the obsen^ed \ allies 
ivithin the limits of experimental error 


SUMMABY 


In coutimiation of the author’s previous ivork it has been shown in this papei 
that when the antigen or the anti-body samples consist of two t}q)es of particles, an 
equation can be deduced on the basis of the assumptions stated below, which quanti- 
tatively accounts for the observed facts 

(1) The anti-body sample consists of two types of particles such that a jiarticle 
of one type occupies one active point and that a particle of the other type occupies 
two active points on the surface of the adsorbent 

(2) That the amount of adsorbent taken is very large so that even at the highest 
number of units of antigen or anti-body used only a small fraction of the surface of 
the adsorbent is covered 

The equation is of the form 


P = KoT + 


~K, + Vk; + 4K„ T 
2 


The above equation has been tested in a number of cases and has been found 
fairly satisfactory 


In conclusion 1 thank very warmly the authoiities of ‘ The Bengal Immunity ’ 
for facilities offered for further research on this problem I am also very thankful 
to Professor H K Sen, u sc , for the laboratory facilities offered 
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The genus Proteus includes organisms isolated from variou° sources Hauser 
(1886) isolated them from putrefying meat and was the first to give a full description 
of this group of orgamsms Stools, urine, pus, waters of rivers and pools, sewage 
and soil are some of the other sources from which these orgamsms have been isolated 
The isolation of certain strains — X stiains — by Weil and Pelix (1916, 1917) from 
typhus cases and the observation that these organisms were agglutmated in very 
high dilutions of typhus sera provide additional mterest to this group A classi- 
fication of the group was first attempted by Hauser {loc at ) He subdivided it into 
3 species on the basis of morphology, rate of liquefaction of gelatme and production 
of mdol Others have attempted classification on serological hues Much of the 
earlier work on serological classification loses its importance owmg to the fact that 
the difierence between flagellar (‘ H ’) and somatic (‘ 0 ’) antigens was not recogmzed 
It will be recalled that it was with orgamsms of the Proteus group that Weil and 
Fehx (1917) showed, by separating the ‘ 0 ’ and ‘ H ’ variants, the difference between 
the two antigens Wenner and Rettger (1919) studied 73 strains and proposed a 
classification on the basis of maltose fermentation and suggested the name Pwteiis 
vulgar lb to those that fermented and Pr muabihs to those that did not ferment 
this carbohydrate Moltke (1927) studied 194 strains, includmg X strains In his 
monograph he gives an exhaustive bibhography and refers to previous work on the 
subject He found that the strains could be divided mto two sharp groups on the 
basis of maltose fermentation One hundred and thirty-six strams did not ferment 
maltose The maltose fermenting strains were divided into several sub-groups 
according to the fermentation of salicin, rhamnose, melezitose and arbutin All 
the X strains I'*ploiiged to one group There was no correlation between fermentation 
reactions and serological grouping By the quahtative antigenic analysis of ‘ H ’ 
and ‘ 0 ’ antigens, Moltke showed that by duect agglutmation swarmmg forms 
divided themselves mto 3 large main groups besides a number of mmor groups 
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aud by absorption of agglutinins the 3 mam groups could be divided into sub- 
groups 

Taylor (1928) studied 53 strains of Proteus isolated from urine, pus, stools and 
lung Of these, only 3 fermented maltose Nine agglutinating sera were prepared 
and absorption tests were done, but no distinction was made between ‘ H ’ and ‘ 0 ’ 
agglutination 

Yacob (1932) studied 35 Proteus strains including X2, X19 and Kingsbury 
strains He piepared 4 agglutinating sera No absorption tests were, howcvtr, 
carried out 

Coming to Proteus X strams. Wed and Pelix (1918) consider, after examimng 
126 strains of ordinary Proteus, that a complete difference exists bctw'een the ‘ 0 
receptors of these strains and those of their so-called X2 strains on the one hand 
and X19 on the other These latter are, therefore, serologically separate species 
and are distinct from the ordinary Proteus organisms 

Felix and Rhodes (1931) comparing Kmgsbury and X strains come to the 
conclusion that the former is a variant of Proteus X19 and that while its ‘ 0 ’ antigen 
IS completely different from that of X2 and XI 9, there is a relationship as regards 
the ‘ H ’ antigen, between Kingsbury and X strains and also with the ordinar}’’ 
Proteus strains 

In the present study 25 strains of Proteus have been examined Two of them — 
National and X19 — are X19 strains obtained from the National Collection of Type 
Cultures at different times and Kingsbury and Kuala Lampur are strains obtained 
from the Federated Malay States R A M C , Shanmugam, Jayalakshmi and 4809 
are strains of which the source of origin is not known, though it appears as if 
R A M C IS an X strain obtained from the Royal Army Medical College The 
remaming 17 strams were isolated from stools and urine sent for exammation to this 
laboratory Brinkhurst and Mrs K were isolated from urme and the remaining 
15 from faeces The property of ‘ swarming ’ of Proteus was utilized to obtain pure 
cultures in most cases The water of condensation at the bottom of a fresh agar 
slope was inoculated with the material If a fresh agar tube was not available, 
a tube of agar medium was melted down and then re-sloped After a few hours of 
incubation or the next morning, a thin hazy growth was usually seen to spread up 
the surface of the medium in waves or npples, if Proteus was present Sub-culture 
from the edge of the growth mvanably gave a pure culture of Proteus 


Morphology, cultural characters, biochemical properties, etc 

All the 25 strains are motile and exhibit the poperty of ‘ swarimng ’ The 
orgamsms are on the average about 3// in length and 0 4/t to 0 6/t in breadth and 
have rounded ends Shorter forms and filamentous forms are very common They 
are non-spormg 

For fermentation tests the following carbohydrates were employed in 1 per cent 
concentration in peptone water along with Andrade’s indicator — dextrose, galactose, 
maltose, lactose, saccharose, dulcite, manmte and salicm Litmus milk was also 
included Readings were made daily for a period of two weeks Table I gives the 
fermentation reactions — 
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All the strains ferment dextrose readily 'mth the production of acid and "as 
but lactose, diilcite and manmte are not fermented Galactose is fermented b/ali 
the strains but fermentation is late in the case of Kuala Lampur and XII Ei"ht 
strains, inclusive of the X19 strains, ferment maltose readily, there being no dela} cd 
fermentation of this carbohydrate Only the maltose fermenting strains produce 
iiidol and none of them hquefies Lcefflcr’s serum All the maltose fermenters attack 
saccharose and saliciu readity in 24 horns, with the exception of Veiilfatachari and 
2270, which ferment saccharose alone Stiams which do not ferment maltose — the 
Kingsbury strains fall into this group — either do not ferment saccharose and salicin 
or fermentation is delayed, acid alone being sometimes formed Serum is liquefied 
Iiy 15 strains None of these ferments maltose or produces mdol All the strains 
liquefy gelatin In litmus milk there is usually an imtial acidity within 24 hours 
followed by alkahmty and later decoloruation of htmus and then peptonization 
With some strains peptonization was preceded by clotting 

All the strains reduce intrates to nitrites, are M E -f and VP — Hydrogen 
sulphide IS produced by all and urea is decomposed with the production of auiinoma 
Catalase and methylene blue reductase tests were positive in all 

' Serology 

Six agglutmatmg rabbit sera were prepared against 6 strains Suspensions of 
24-hour agar growths m saline were heated at 56°C for 4 hour and four graduated 
weekly injections were given intravenously to rabbits A week after the last 
injection, the rabbits were bled by cardiac puncture 

‘ H ’ suspensions were prepared by formalinizmg 24-hour broth cultures to a 
concentration of 0 4 per cent and suitably diluting them with formalized saline to 
yield an opacity of about 1 000 milhons per c c ‘O’ suspensions were prepared 
by heating saline suspensions of 24-houi agar growths in the steamer for 1^, hours 
and diluting them to an opacity of about 1,500 millions, 0 5 per cent carbolic being 
added as a preservative 

Agglutinations were carried out in Dreyer tubes m a water-bath at 55°C 
Headings were made at the end of 4 hours and again after 18 hours There was no 
difficulty in differentiating flagellar from somatic agglutmation Dilutions ran in 
geometrical progression from 1 in 100 upwards 

For absorption experiments the sera were diluted 1 m 25 Two c o of this 
transferred to a sterile centrifuge tube was mixed with 2 c c of a thick suspension 
in saline of the growth from 4 agar slopes of the appropriate stram The mixture 
was mcubated at 37‘’C for 4 hours and kept in the Fngidaire overmght Controls 
m which saline was substituted for the suspension of agar growth were always 
included The next morning the mixtures were spun down and the clear supernatant 
was used for agglutmation with its homologous ‘ H ’ and ‘ 0 ’ suspensions 

All the strams were tested for roughness by Millon’s reagent (Bruce "White, 
1929) and several of them by the Thermo-agglutination test m normal saline None 
was found to be rough 

Table II gives the ‘ H and ‘ 0 ’ titres of the 6 sera against each of the stiams 
III straight agglutination and also their titres against its homologous suspensions 
after absorption of agglutinins by the strains The titres have been expressed in 
percentages 
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It will be seen that stiains National and R A SI C are berologioally identical 
as each absorbs the serum agglutinins of the other completely Six strains— 
R A SI C , National, Shanmugam 4809 Jayalakslimi and Xl9~fall into one 
serological group Kuala Lampui, Kmgsbuiy, Venkatachaii, Bibi and Rokhia Bee 
nive ‘ H ’ af^glutmation to full titre with these two seia but the ‘ H ’ agglutinins are 
not absorbed at all In the case of the last two strains there was distinct floccular 
agglutmation with turbidity of supernatant in all dilutions up to full title 

Sastri and Puiigavanam are also identical, as each absorlis out the ‘ H ’ and ‘ 0 ’ 
agglutinins of the serum of the other strain Sastii, Puiigavanam, Bimkhurst and 
Mrs K fall into a second serological group 

Sunilarly Kuala Lampur and Kmgsbiuy fall into a thud serological group 

Strain Rokhia Bee stands alone No other strain gives ‘ 0 ’ agglutination 
with this serum, though several strains give ‘ H ’ agglutination and absorb the 
agglutmin to a certain extent 

Seven strains do not agglutinate with any of the sera or agglutinate to a 
negligible titre 

Pievious vorkers have shown that while ‘ 0 ’ antigen has greater specificity 
‘ H ’ antigen is more cosmopohtan and cannot be taken as a basis for seiological 
classification This has been confirmed in the present study Strain Tyagarajan 
is agglutinated to full ‘ H ’ titre by serum Sastn (— Puiigavanam) and absorbs its 
‘ H ’ agglutinins completely With Kmgsbuiy serum, 5 strains — R A M C , 
Shanmugam, 4809, Jayalakshmi and Yenkatachan — give ‘ H ’ agglutination to full 
titre, but partially absorb the agglutinins Similarly, v itli serum Rokhia Bee, 
strains Kuala Lampur, Kmgsbury, 4809, Yenkatachan and Bibi give ‘ H ’ agglu- 
tination to Ml or very high titre but absoib the ‘ H ’ agglutinin mcompletely 

With serum National (= R A ]\I C ), strains Kuala Lampur, Kingsbury, 
Yenkatachan, Bibi and Rokhia Bee give agglutmation to full ‘ H ’ title but do not 
at all absorb the ‘ H ’ agglutmm l\hth serum Roldiia Bee, strains R A M C 
and Jayalakshmi behave similarly 

A reference to Table II will show that several other strams give ‘ H ’ agglutina- 
tion to a small fraction of the ‘ H ’ titre of the various sera 

Regardmg the X strams, Pelix and Rhodes {he cit ) have shown that the anindo- 
logemc strain Kmgsbury is a variant of X19 and that whereas its ‘ H ’ antigen is in 
part identical with that common to all X strains, its ‘O’ antigen is completely 
different from that of both X2 and X19 strams Prom the present study it is seen 
that between the two Kmgsbury strams and the two X19 strams (National and 
Xl9) there is no common ‘ 0 ’ antigen As regards the ‘ H ’ antigen however, the 
Kmgsbury strams give ‘ H ’ agglutmation to full title with Xl9 serum without any 
absorption of the agglutimn With the Kmgsbury serum there is no ‘ H ’ agglutina- 
tion of the two X19 strams, but they partially absorb the agglutimn The stiain 
R A M C however behaves differently From its biochemical and serological 
properties it appears to be an X strain It agglutinates v ith Kingsbury seriim to 
full H titre and partially absorbs the ‘ H ’ agglutimn 

Though this aspect has not been sufficiently investigated, there is an indication 
that, as m the Salmonellas as shown by Andiewes (1922), orgamsms of the Pioteiis 
group are also probably biphasic. 
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Lastly, mentioa must be made of the three strams, Shanmugam, 4809 and 
Jayalakshmi The history of their origin is not available, but from their names, 
they were evidently isolated locallj' Both in their biochemical and serological 
reactions, they behave like X19 strains Typhus fever bemg ^ery uncommon in 
■Madras, it is extremely unlikely that they were all isolated from t^-phus cases As 
all known X19 strains originated from typhus cases and they stand by themselves 
in a serological group, it is very interesting that the three strains mentioned should 
behave in a manner similar to them 

Summary 

1 An exammation has been made of the cultural, biochemical and serological 
reactions of 25 Proteus strains, most of which were isolated from faeces and iinne 
and including X19 and Kingsbury strains obtained from otlier laboratories Si\ 
agglutmatmg rabbit sera were prepared and the strams tested against them m 
straight agglutinations with ‘ H ’ and ‘ 0 ^ suspensions and with homologous 
suspensions after carrying out absorption tests ivith the difierent strains 

2 All the strains gave ‘ swarming \ | 

3 The importance of maltose fermentation as a basis for classification has been 
confirmed Bight strains, inclusive of Xl9 strains, which ferment maltose, also 
produce indol, do not liquefy serum, ferment saccharose readily, and with tno 
exceptions ferment sahcin also readily 

4 Seven strains do not agglutmate with any of the sera or agglutinate to a 
negligible titre 

5 There is no correlation between fermentation and serological reactions 

6 By agglutination and absorption of ‘ H ’ and ‘ 0 ’ agglutinins, six strains, 
including X19 strains, fall into one serological group, four others into a second and 
the two Kingsbury strains into a third group 

7 While the ‘ 0 ’ antigen is more specific, there is a greater community of 
‘ H ’ antigen 

8 X19 and Kingsbury strains are compared 
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The possibility of culturing tbe virus of vaccinia on the chorio-aUantoic 
membrane of the chick-embryo was first demonstrated by Goodpasture and 
Woodruff (1931) 

Since then other mvestigators, Stevenson and Butler (1933, 1934 and 1936), 
Lehmann (1934), Godhino (1934) and Sporozyski (1935), have confirmed and 
enlarged upon their findmgs 

An appraisal of the work conducted so tar by different workers suggests the 
possibihty, as well as the desirabihty, of a large scale production of anti-smaUpox 
vaccine by this method and its smtabihty for human vaccination has been considered 
after a thorough mvestigation of its immumzmg, pathogemc and storage properties 
In our own work durmg the last two years we have attempted to study this problem 
m aU its different aspects and to evaluate our experience, takmg mto consideration 
any limitations or drawbacks imposed on it by local conditions A commumcation 
based on the earher part of our work has already been published (1934), and relevant 
portions have been reproduced here for the sake of completeness 

Technique 

Goodpasture and Woodruff first used a neuro-testicular strain of the virus as 
the imtial seed Stevenson and Butler (1933), preferring to use a purely dermal 
stram, initiated then work vith a seed obtained by the inoculation of calf-lyrnnh 

( 867 ) 
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into rabbits intiadermally This step ensured a bactena-ficc eondition of the 
bccd-virus, while it retained its purely dermal charactci 

Our owm exjicrimeiits w'ere initiated by using clove-oil tieated calf-lymph as 
the initial seed This w as rendered free fiom bacterial contannuatioii by incubating 
sei oial tubes at 37°C foi 48 to 72 lioiiis A tube which proved steiilc on bacterio'^ 
logical exammation was then chosen The contents w'erc diluted 1 in 60 with 
normal saline and, after light contnfugaliyation, the siipcinatant fluid was used for 
inoculation During the major portion of tins work the teclinique described bj 
ytevenson and Butler was follow^ed with slight modifications Latterly the 
improved techmque described by Goodpasture and Buddingh (1936) in their vcri 
exhaustive conimunication on the subject has been adopted with very good results 

Our actual procedure may be described as follow’s — 

Bertile eggs 14 to 16 days old incubated ui a special egg incubator at 39°0 
arc selected Stevenson ancl Butler (1933) used 11 days old eggs, but w'c have 
obtained better lesiilts w ith those 14 to 16 da) s old as, in these, the more advanced 
development of the embryos ensures a better exposure of the chorio-allaiitoic 
membiane to the virus Previous to inoculation, the eggs are candled inside a 
small wooden frame lined with black cloth All doubtful eggs are discarded, and 
the good ones loturnod to the incubator 

To ensuie stenht) of opeiation, the inoculation of eggs is carried out inside a 
glass chamber This is cleaned daily on the inside with an antiseptic before the 
operation Por cutting an opening through the egg-shell, carboriindiini discs, 
worked by an electric motor through a flexible shaft, are used The site of inocula- 
tion IS first thoroughly cleaned with 5 per cent carbolic followed by absolute alcohol , 
a tnaiigular opemng, with sides about half to tluec-qiiarters of an uich each, is next 
made in the egg-shell The size of the window does not influence materially the 
size of the lesions and can be varied with the size of the egg The disc is driven at 
the lowest possible speed to avoid injury to the shell membrane , a little practice 
enables one to feel wdien the disc has just cut down to the shell membrane and a 
change in the note produced during cutting is apparent at the same time The area 
outlined by the three cuts is now covered over with a layer of melted paraffin at 
about 5G°C The egg is then immediately placed over a wooden egg-holder msidc 
the inocidatmg chamber and, with the point of a sharp sterile cataract knife, the 
shell membrane is cut obliquely — to avoid injury to the chorio-allantoic membrane 
— along tw o sides, Icai mg the third side to act as a hinge to the flap cut The coat 
of paiaffin helps to keep the piece of shell intact The flap is then raised and the 
chorio-allautoic membrane, thus exposed, is inoculated with the material The 
flap is then closed, the cut edges are covered over with melted jiarafRn, and the egg 
marked and returned to the incubator with the cut side up The inoculated egg is 
opened on the third da)”^ lor collecting the lesions Here, our findings confirm the 
obser\ations of Goodpasture and Buddmgh {he cU ) that harvesting the virus on 
the third day, instead of on the fourth, gives better results On the fourth day 
there is more neciotic tissue and, probably, less virus, as our experience has shown 
that the potency of the lesions does not correspond ivith their size 

The egg IS placed in the holder with the pointed end iipw^ards The upper 
portion IS cleaned with 5 per cent carbolic, and then with absolute alcohol and 
flamed The top is then cut open and the embryo extracted The chorio-allantoic 
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membrane, wliicli remams slightly adherent to the shell membrane, is pulled out 
with sterile forceps, placed m a sterile Petri dish and covered with 50 per cent 
Tlycerine water The lesion is then cut out and stored in 50 per cent glycerine 
water in a refrigerator The whole procedure is carried out inside the glass chamber 

\A^e have adopted the method of ginidmg lesions from each membrane 
separately, or in batches of two each, when there is a large nmnbei, and then 
tcstiiiv for stenlitj^ This ensures agamst loss of the bulk of the material due to 
contamination from any one of the lesions The grmding is conducted inside a 
glass chamber washed preiuoiisly on the inside v ith an antiseptic The lesions are 
ground in a sterile glass mortar with a little glass sand, and 50 per cent glycerine 
water is added in the proportion of 1 d and the suspension then stored in the 
refrigerator This forms om ‘ undiluted virus ’, and is used for the next serial 
passage For this purpose, we at present dilute the virus with an equal volume of 
sterile distilled water 

Since the adoption of our present technique, good lesions are the rule, although, 
as we have already observed, the size of lesions usually does not go hand in hand 
with titrable potency 

At each passage, lesions have not been pooled as we thought such a step might 
mask any alteration in the character of the virus should it occur The titrations 
have been carried out on calves as a matter of convenience, for a large number of 
samples can be tested in different dilutions on one calf 

Two calves have been used for each test to eliminate errois arising from 
refractoriness in a single calf The usual scarification technique was employed 
For each dilution an area about f inch square was lightly scarified and about 0 02 
cc of the membrane virus was spread over the respective areas 

The results are summarized m Table I — 


Table I 


Passage 

number 

1 Highest titre 

1 

Passage 

number 

Higbe-it title 

Pass ige 
number 

Highest titro 

1 

1 100 

10 j 

[ Unddnted 

10 

1-100 

2 

1-200 

11 j 

j 1-2) 

- 1 

j 1-100 

3 

l-oOO 

12 

' 1-10 

21 1 

1-100 

4 

Undiluted 

13 

1-10 

22 

1-100 

6 

99 

14 i 

1-10 

23 

1-100 

6 

99 

15 

1-10 

24 

1-100 

7 

1-25 

10 

1-10 

25 

1-500 

8 

1-100 

17 

1-100 

20 

1-100 

9 

Failure 

18 

1-100 

27 

1-30 
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Table 1—concld 


number 

1 

I Highest titre 

j 

Pass^ge 

number 

1 

1 

Highest titre 

Passage 

number 

Highest litre 

28 

1-10 

43 

1-10 

58 

1-50 

29 

1-500 

44 

1-50 

59 

1 50 

30 

1 u('0 

45 j 

t Undiluted 

GO 

1 

1-100 

31 

1-500 

46 1 

1-50 

Cl 

1-100 

32 

1-1,000 

17 

1-25 

1 

02 

1-100 

33 

1-50 

48 

1-25 

63 

1-200 

34 

1-500 

19 

1-25 

64 

1-100 

35 

1-250 

<50 

Undiluted j 

65 

1-100 

36 

1-500 

51 

I-IO 1 

66 

1-250 

37 

1-10 

52 j 

Undiluted 

67 

1-500 

38 

Undiluted ( ? ) 

53 

1 

1-50 

68 

1 >00 

39 

> 

54 

1 

1-50 

09 

1-1,000 

40 

1-10 

*>5 1 

1-50 

70 

1-1,000 

41 

Undiluted 

56 1 

Undiluted 



42 

1-10 

i 

1-100 




From, the above table it will be seen that at any stage the potency of the 
membrane virus never reached the high standard of this laboratory calf-lymph, 
^^hlch never gives a titre of below 1 m 1,500, while usually the titre is above 1 in 
8,000 

We have to note m this connection that almost all other workers on this subject 
used rabbits for the test Our experience is that rabbits are considerably more 
susceptible to the virus than calves, and so may be expected to show a higher titre 
The comparatively low titres may partially be eiqilamed on this ground The 
potency, which shot up to 1 m 500 m the third passage, suddenly, for no accoun- 
table reason, dropped down to undiluted and contmued to mamtam a low level 
till the 16th passage, when it agam rose to a general level of 1 in 100 and, with one 
or two mmor fluctuations went up to 1 m 1,000 A considerable drop is again 
noticed and it is curious to note a very low titre m the 39th and 40th passages when 
the membrane lesions were characteristically big In the 47th passage ducks' 
eggs were mterposed with a view to mvestigate whether a change m the medium 
for culture woifld enhance the virulence of the virus It is common knowledge 
that the virulence of seed- virus used in the manufacture of calf-lymph is mamtamed 
a high level by successive passages through calf and rabbit, and m our own 
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laboratory a modified Nijland cycle bas been adopted, viz , calf -rabbit-buffalo 
buffalo^-calf 

On these grounds, altbougli contrary to the experience of Goodpasture and 
Buddmgb, who observed no drop m potency tbrougbout the very large number of 
passages they have made, it is reasonable to suppose that tbe virus cannot maintain 
the same lugb level of infectivity without a change of host Workmg on the cultiva- 
tion of vaccmia virus in tissue culture by the technique of Elvers, Coffey (1934) 
and Chen (1934) observed that the titrable potency gradually dropped, and the 
latter author enhanced the virulence of the culture by the interposition of rabbit 
testicular tissue in place of chick-embryomc tissue 

The results of our experiments ivith ducks’ eggs are, as the table shows, not at 
all conclusive Yet, in our opmion, the potentialities of this step in the manufacture 
of membrane virus require to be investigated 

Storage qualities 

The keeping qualities of the membrane virus were investigated in comparison 
with those of calf-lymph A sample of calf-lymph on the basis of preliminary 
tfbiation was diluted down to 1 m 1,600 to approximate its potency to that of a 
sample of membrane virus used in the test Each virus was divided into three lots, 
and these three lots were distributed in pairs at different temperatures The first 
was kept at 3'’C , the second at 10°0 , and the third at room temperature, which 
averaged between 30°C and 35°C The samples were titrated on calves at the end 
of every week 

The results are summarized in Table II — 


Table II 


1 


I 

Highest tithe at emu oe 

Nature of virus 


Tempera! ure 

j 





1 week 

2 weeks 

“1 weeks 

1 weeks 





R T 

t 

at; 

Ail 

Nil 

mi 

Jlembrane virus P V 2 
Titre 1-100 

1 

10°C 

1-10 

Undiluted 

mi 

mi 



[ rc 

1-10 

1-10 

1 

1-10 

mi 


I 

1 

R T 

mi 

All 

Nil 

ml 

Lvnipb 149 diluted to 
titre 1 100 

1 

lO^C 

1-50 

1-10 

1 1-10 

1 

mi 


1 


1-100 

1-100 

1-100 1 

1-10 


As will be seen from the above table, the keeping quahties at 3°C though not 
so good as those of the considerably diluted calf-lymph are quite commensurate 
with the initial low titre of the sample We are mclined to attribute the poor results 
compared with those obtained by Goodpasture and Buddmgb, firstly, to the imtial 









S62 


Cultivation of Vaccinia Vines' 


low titrc of the sample and scooudty to the fact that the calf was used for titration 
.1 lefercnce to -which has alieady been made Oui results how'c\cr, re^ardniif the 
lapiditj* of deterioration at liigher temperatures more oi less corroborate their 
findings 


Immunizing properties or the membrane virus 

15\peimients were made to study the imnnmi/Aug pioperties and the nature of 
the leaotions produced by membrane virus m comparison wnth those of calf-ljmph 
Three monkeys (il/ mucin) were vaccinated, No 1 with membrane virus alone, 
No 2 with calf-lymph alone and No 3 with both membrane Mtus and calf-lyinpl/ 
The membrane virus was used undiluted and the calf-lymph in a dilution of 1 in 
25 to approximate their titrcs as far as possible 0 03 c c of inoculum was spread 
and nibbed over a scaiified area 2 mcli scjuare, and daily observations regardiii" 
temperature and reaction were made ° 

The results aie given in Table III — 


Table III 


Animal 

Virus inoculated 

j Nature of reattion 

!Moukcv I 

- 1 

Membiane virus 

! No reaction at 48 hours marked elcaation of stanhed 
area at 72 hours Confluont a csicnlation at DO 
liours Reaction tlien gradually subsided and scab 
fell off on the 20th daj, leaaing a good scar Tom 

1 iierature reaction identical with that of monkc} 11 

MonUci 

II 

Calf h injih 

Early icaction was noted and there was e\idence of a 
good take at 4S horn's Passed through the same 
stages of dca clopmeiit is monke\ I and the bcah 
fell off on about the same daa Usual temperature 
reaction 

MonKc\ 

III 

Both inembrant \iuis 
and calf h inph 

Both inoiulatioiiB showed iilcntieal stugob of dcicloj) 
ment ns were noted m monkevs I and II respee 
tivch iiamch eaih leartion with calfhniph and 
dclavcd leaetioii with memlnaiic mius Aeiidental 


^c‘>Kles were noted on the Sth dav in the case of 
incinbnne urns, ; lobahh attributable to tlie move 
nieiits of the leather belt v itli w hieh the niontci was 
tied 


Viricidal tests of the sera of the monkeys w'ere then conducted w itli a \iew to 
gauging the extent of immunity produced by membrane i irus as compared with 
that produced b) calf-lymph 

The monkc-s s w ere bled on the 1 3th day after vaccination and the sera obtained 
were tested against both the membrane virus and calf-l>niph, the latter being 
diluted 1 111 50 to equalize its titre to that of membrane virus Each serum was 
tested 111 4 dilutions, viz , undiluted, 1 in 5, 1 in 10 and 1 m 20 0 2 c c of each 
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virus was mixed witli 0 2 c c of eacli dilution of the two seia, the luixtuies incubated 
dt for two houis and then 0 03 c c of each was tested on two calves 

Eesults are suinmariaed in Table IV — 


Table IV 



jrrVBUAXF VIBU‘! 

Cm iiiiPH 

I'lnal serum 
dilutions 

Seiiiiii I 

! 

Scrum II 

Novmnl 

moiikei 

serum 

1 

Seium I 

i 

Seium IT 

Noimal 

monkey 

serum 

1-2 


i 

1 

> 

1 *■ : 

i 


1 

1-10 


4 

b 


) 

CoiiiUieiil 

take 

1-20 



3 : 

1 

1 

1 : 

1 

7 

1-40 

1 


1 ^ 

> 

fi 

7 


Further experiments were done on rabbits Two batches of rabbits were 
vaccinated, one with membrane virus and the othei with calf-lymph diluted 1 in 
1,000 One lot in each batch v as re-vaccinated with routine calf-lymph at the end 
of 6 weeks, and another at the end of 9 weeks All the re-vaccinated rabbits failed 
to take 

These experiments on monlceys and rabbits bring out two important facts 
Firstly, that there is no difference between membrane inrus and calf-lymph as 
regards the nature of the reaction, othei than that in the case of membrane virus, 
the reaction appears 24 hours later than in the case of calf-lymph secondly, that no 
appreciable difference m the immunizing power of the tv o viruses is demonstrable 


AnrEEATiON in the oh abac ter of the virus 

Experiments have been earned out to discover if any change in the direction 
of neurotropism has taken place m the truly deimal nature of the virus as a result of 
serial passages m eggs Two liatches of rabbits were inoculated one with 1 c c 
mtra-nasally and the other with 0 1 c c sub-durally, with each virus The rabbits 
weie sacrificed at the end of 1 week, 2 weeks and 3 weeks and their brains tested on 
calves Neither series of rabbits showed any evidence of the presence of the 
respective viruses in then brains A few of the rabbits were kept under observation 
for over 10 weeks and none of them developed any symptoms of encephalitis 

Conclusions 

1 A leviev of the immunizing and pathogemc piopeities of membiane virus 
lully conoborates the observations of other workers on its potentialities for human 
prophylaxis against smallpox, but it has to be remembered that its immiimzing 
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value has only been tested against vaccinia and not against smallpox as it occurs 
under natural conditions 

2 We consider that its storage qualities and average potency, while not jet 
equal to those of calf-lymph, may be considerably improved by better technique 

3 Although membrane virus does not come up to the level of calf-lj mph m 
its standard of potency we have no reasons to believe that the immunity produced 
by such a virus wdl necessarily be less 

4 Cultivation of vaccinia virus on the chorio-allantoic membrane of chicks 
has all the simplicity of techmque and cheapness in cost to be desued 

5 The one pre-reqmsite to manufacture on a large scale is an unfailing supplj 
of fertile eggs, a condition not easily attamable m Madras during several months 
in the year 
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Shortt, Poole and Stephens (1934, 1935) have given an account of prelim- 
inary experimental work on the virus of sandfly fever and the present account is 
an extension of that work 

The successful cultivation of various viruses by the original method of Woodruff 
and Goodpasture (1931) on the chorio-allantoic membrane of the embryo-chick led 
us to apply this method to blood and sera from cases of sandfly fever and dengue 

Materials and technique 

The sandfly fever sera were sent to us from the Military District Laboratory, 
Peshawar, and consisted of fresh liquid sera, old hquid sera and dried sera 

The dengue sera were obtained locally in Madras during an epidemic of this 
disease In this case all the sera used were fresh, while, in addition, in some cases 
citrated whole blood was used 

The full techmque of inoculation of eggs with virus material of any sort has 
been described by us in another communication (Rao, Pandit and Shortt, 1936) 
and need not be repeated here 


Sandely eever 

The eggs inoculated with serum from cases of sandfly fever were examined 
after intervals of 4 days 
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In Table I arc "ivon the results of all the sera tested — 


Tvull 1 


F ) pii uiiceis uUJi stia of sundllg ftvir c«6t6 


XiMiiLr oi 


Strum 

1 


1 

1 

1 * 

1 





1 


— 



number 

■ 

1 

1 


4 » 

1 

>1 


7 


< 



N 1 

1 

1 

X P 

Nl' 

P 

1 

i- 

1 1 

\ P 1 

1 

1 1 1 

N I N P ' N I ' \ P 

X I 

\ P 

N I 

X 

N T 

N P 

Pooled fretli 






1 

: : 



1 



i 

liquid Bern 
from 4 

1 

1 






1 I 







case'? 

i 4 

. 

"> j 

1 

1 ' ^ 

1 " 1 

1 i 

! 


[ 




Dried serum 





1 


1 ' 1 

! 

1 

f 


1 

1 


7 


0 





t 

1 ' 


1 1 


i 

1 



1 

Dried scrum 1 

1 


1 




1 1 







8 1 

1 

1 

*» ' 

1 

5 

> 

• 

2 

2 1 ' 2 1 

III 

1 

1 

K 

1 

2 

1 

1 


Tggs found putnd on opening have not been tal cn into account 
P = Filtered through collodion iiieinhrane (A P D 0 ^/i) on account of contamiimtion 
N I = Xuinber of eggs inoculated 
\ P = Number of eggs po‘-itiTo 


In reading this table, it must be emphasized that it is highly probable that a 
considerable proportion of the sera tested had no ■suable virus They were sent 
by post from Peshawar to Madras and, in most cases, had already been stored for 
considerable periods m Peshawar before despatch It will be seen that subcultures 
have been obtained up to eight passages to date 


Lesions produced by sandfly fever virus 

The lesions on the chorio-allantoic membrane were usuallj^ examined on the 
iJtli day after inoculation In positive preparations there nas a distinct thickening 
of the membiane at the centre of the lesion producing a dense opaque patch The 
aiea of these lesions varied but some measured as much as 10 mm in diameter 
Suiiounding the central lesion for a variable distance, there was a definite opacit} 
of the chorio-allantoic membrane which might cover an area of 1 5 cm in diameter, 
including the central lesion (Plate XXIX, fig 1) The lesions were fixed in 
Sansom’s modification of Carnoy s fluid, double embedded in celloidm and paraffin 
and sections cut at right angles to the surface Sections were stained by Giemsa’s, 
hremalum and Mann’s stains 

Tlie sections stained by hismalum naturally gave the best idea of the cellular 
changes involved in the lesion 
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111 the following description, for the sake of bievity, we do not propose to go 
into the various complications of folding of the membranes on one anothei to form 
the choiio-allantoic membrane and will limit oui tcims to three Although this 
may not be a strictly correct proceduie from the zoologist’s point of view it will 
greatly facilitate oui description The three terms we propose to use aie entoderm, 
for thelaj^er of cells on the ninei aspect of the chorio-allantoic membrane , ectodeim, 
for that on the outer aspect , and mesoderm, for the space contained between the two 
layers It was noted that both the ectodeim and entodeim, especially the latter, 
were bulged out over the area occupied b}"- the lesion in order to accommodate an 
intense cellular infiltration in the mesodeim (Plate XXIX, fig 2 ) The ectodeim 
over the most prominent part of the lesion ivas absent and piesumably had necrosed in 
a manner similar to the formation of a minute iilcei (Plate XXIX, fig 2 ) The 
entodeim, which normally shows a thickness of two layers of cells, exhibits marked 
proliferation and IS many cells thick over the lesion (Plate XXIX, fig 3 ) This 
proliferation is most marked over the centie of the lesion and giades off towards its 
periphery so that the tiansition to the normal two-cell thickness is a gradual one 
Between the ectodermal and entodermal la5'ers of the normal chorio-allantoic 
membiane the general ariangement of the cells of the mesoderm is parallel to the 
surfaces and they are normall}’- compaiatively sparsely distributed In the lesion 
under consideration, apait from the necrosis noted above, tlie ectodermal and 
entodermal epithelial layers contain a wide space of mesoderm closely packed witli 
cells in a fibrous-looking stroma 

The origin of these cells is a matter of interest and impoitance A careful 
study of the mesoderm will reveal the fact that the majority of the cells have the 
appearance of epithelium and, if they are epithelium, they must have come from 
eithei the ectodermal or entodermal layers The entoderm, although greatly 
hypertrophied, as already described, is intact over the lesion and has a definite and 
well-marked limit internally, i e , it shows no evidence of extension into the mesoderm 
(Plate XXIX, fig 3 ) It can, therefore, be ruled out as the origin of the 
infiltrating cells 

In the case of the ectoderm, on the other hand, the proliferation of cells seen 
IS not limited internally and the inner cells appear definitely to mfiltrate the meso- 
derm Columns of them may be seen growing downwards into the latter and it 
is possible that the majority of the cells seen in the mesoderm have this orio-in 
The appearances seen strongly resemble the infiltration of deeper tissues by" an 
epithelium of surface origin and this, in essence, is what the lesion appears to be 
from the histological point of view While giving this description of the origin 
of the infiltratmg cells we draw attention to our statement that our defimtions^of 
ectoderm and entoderm may not be zoologically accurate and we are prepared to 
find that the infiltrating cells are actually derived from the layei of cells lyin'^ 
immediately undei the ectoderm and, therefore, presumably of mesodermal orio-in— 
111 most probability fibroblasts ^ 

Inclusion maiebial 

In sections stained by Giemsa’s stain or Claim’s stain there is found to be a 
condition of massive growth of inclusion material in the cells of the niesofleiin 
We have not used the term inclusion ‘ bodies ’ foi the leason that in many cases 
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the -nhole cytoplasm of the cells appears to he replaced bv red-staining inclusion 
material This material is sufficiently massive, m many cases, partiall} to mash 
even the nucleus of the containing cell The extent of this inclusion material 
may be seen m the illustration (Plate XXIX, fig I) representing a part of the 
lesion 

The nuclei of some of the cells appear to show oxychromatic degeneration but, 
in the presence of many other oxychromatic dots m the section, v e are not prepared 
especially to emphasize this point 

Dengue pever 

The blood of dengue fever cases was taken generally on the first day of fever 
The results of cultures and other information are detailed in Table II — 

Table II 


Giving detailed information about the dengue fever cases 


Number 
of case 

1 

Date of 
ou‘!et 
of foicr 

f 

1 

I Bate of 

I blood 

1 

1 1 

1 

Chiucal 

diagnosis 

1 

JMntenal 

inoculated 

Ttcsiilt of 
inoculation 
on the cliono 
aliantoic 
mcmlirano 

a 

8-10-31 ' 

j 

8-10-35 

I 

, Dengue 

f3erum 

Positiae 

t 

8-10-3G 

1 8-10-36 

Cold 


Negative 

') 

11-10-35 

11-10-35 

1 Not dengiio 

t 


G 

10-10-35 

10-10-36 1 

1 Deiieuo 

>» 

Positive 

7 

10-10-35 

10-10-35 



t 

Negatiao 

8 

14-10-36 I 

14-10-35 



10 

17-10-35 1 

18-10-35 ' 


>» 

Positive 

11 

17-10-35 I 

i 18-10-35 , 

1 f 

1 > 

i f 

12 

20-10-35 

i 20-10-35 


»> 

1 f 

14 

22-10-35 

22-10-35 1 


Plasma 

1 

1 » 

17 

20-10-35 

■ 26-10-36 1 


r* 

Negative 

18 

28-10-35 1 

28-10-36 1 



Positive 

10 

28-10-35 1 

28-10-36 1 



n 

20 

28-10-35 1 

28-10-35 , 



1 yy 

21-20 






(pooled) 

28-10-35 

28-10-35 


Serum 

yy 

27-3 i 


! 




(pooled) 

30-10-35 

1 30-10-35 


» 

5» 

39 

10-11-35 

10-11-35 


Plasma 

Ncgativ e 

40 1 

11-11-35 

, 11-11-35 ] 

1 > 

i 

>T 

42 

12-11-35 

1 12-11-35 1 



Positive 

43 

18-11-35 

1 18-11-35 

1 ’ 

» ! 

»» 

44 

22-11-35 

' 25-11-35 

1 

1 

1 ■ 

1 1 

1 

1 1 

t 

! 


It will be seen from the table that out of 19 cases with a clinical diagnosis of 
dengue 15 cases gave a positive culture on the chorio-allantoic membrane 


















ft,' 


Plate" XXX 
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I'uller details of cultures of tlie dengue fever cases are given in Table III — 

Table III 

Experiments with fresh seia from cases diagnosed as dengue fever 


Number or tassages 


Serum 

number 

1 

2 

3 

4 

5 

1 b 

1 

— 


N I 

H P 

N 1 

N P 

N I 

N P 

IT I 

N P 

N I 

N P 

1 

N 1 

N P 

3 

2 

2 




Contaminated 


6 

2 

2* 




• 







7 

2 

2* 

« 

• 





1 

1 1 




8 

3 

0 






1 • 





10 

2 

2 

2 

i 2 

1 

0 


1 • 


1 1 


11 

1 ' 

' ^ 

2 




Contaminated 


12 

1 

1 



(Fixed in 

Bles and photographed } 


14 


4 


1 ^ ^ 

1 1 

2 

1 ^ ' 

1 j 

I ^ 

i 1 ’ 

1 



17 

2 

0 






i 

1 1 

1 



18 

2 

2 




Putrid eggs 


19-20 

4 

2 

1 

1 « 

1 

1 i 

1 1 

1 

1 

( ( 1 

21-2G ^ 

2 

2 

1 ' 

i 1 > 


Putrid eggs 


(Filtered) 

21-26 

2 

2 









1 


27-^4 

1 

1 

1 

1 


1 




1 



39 

2 

^ 0 






1 

! 

1 





40 

1 

0 








1 


i 

42 

2 

2 

4 

2 





1 




13 

1 

1 





1 

j 

1 

1 

1 





* Lesions w ere not marked and so were not passaged 

N 1 = Number mocnlated i 

N p = Number positive 

Eggs found putrid on opening have not been taken into account 

It V ill bo seen from tbe table that subcultures have been obtained up to five 
])assages to date^ also tliat, in one case, lesions were obtained witb serum filtered ' 
through a collodion membrane of average pore diameter 0 8ya 
J, Mr 


3 





870 CultiiaUon of the Viruses of Sandfly Fcia and Dengue Fcicr 

Lesions produced by dengue peveb aurus 

The lesion in dengue fever (Plate XXX, fig 5) differs to some cvtcnt from 
that in sandfly fever hlacroscopically it shows as an opaque area on the fresh 
membrane but appears to be flatter so that, in section, it shows as a thickened men 
with roughly parallel sides instead of with curved bulging sides as in the sandfly 
fever lesion 

Microscopically there are also points of difference 

We see the same thickened area of the chorio-allantoic membrane vith hjqicr- 
trophied ectoderm and entoderm, although this is less marked than in the case of 
sandfly fever The entoderm shows a rugose type of hypcrtiophy (Plate XXX, 
fig 0) and this hypertrophy is seen in the same figure to be most marked at the 
periphery of the lesion and practically to disappear at its centre 

The ectoderm is also hypertrophied but less so and there is the same evident 
invasion of the mesoderm as was described for sandfl}’- fever The mesoderm is 
infiltrated by cells which have a general longitudinal direction under both ectoderm 
and entoderm but are more irregularly arranged m the centre (Plate XXX, fig G) 
The origin of these cells is uncertain but they appear very similar to those in tlie 
lesion of sandfly fever and are almost certainly similar in origin In certain 
situations formations are seen with the closest resemblance to the ‘ cell nests ’ seen 
in certain types of epitlielioma (Plato XXX, fig 7) and inevitably call to mind the 
viral theoiy of the causation of epitheliomas 

Inclusion material 

This 13 apparently distributed exactly an in the sandfly fever lesions and is 
equally massi\o in character 

Discussion 

The lesions described as occurring in the chorio-allantoic membrane of the 
chick as the result of inoculation with the viruses of sandfl\ fever and dengue fever 
are not, from the histological point of view, especially characteristic, as very similar 
lesions may be produced with other agents The important point appears to be 
that the lesions are produced with great regularity, can be passaged in scries and are 
not obtained in controls with normal serum The presumption, therefore, is that 
they are realh caused by the viruses of the tun fevers under consideration 

Should tins pro'"'e to be the case the question of the practical application of 
this technique from the point of view of preparation of vaccines and seta against 
these diseases will haie to be considered and sandfly fever, at least, is a disease 
sufficiently important in the army in India to make it worth the while of the Military 
medical authoritifis to follow up the line of investigation indicated by the results 
we have recorded above 
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Patnagabh 13 a town m Patna State in Orissa and, till 1899, was the capital of 
*Patna State It is situated in 20°43 N and 83°10'E , at an elevation of 500 ft 
above sea-level The country around is very uneven with hill ranges rising in 
various directions covered by jungle and interspersed with rivers The soil is 
fertile being for the most part light and sandy 

The area of Patnagarh proper is about one square mile Patnagarh is more 
rural in character than urban There are many large tanks in the town 

Patnagarh has long been known to be intensely infected with filariasis A 
survey of the town was carried out by the author at the mstance of the State 
authorities and the results of the survey are reported in this paper 

Several mteresting points were recorded durmg the survey, which was carried 
out in February 1933 For instance, it was observed that filarial infection occurring 
in the human population in Patnagarh is not due to Wuchcierm bancrqfti, the 
common parasite occurring in most parts of India, but to the worm provisionally 
known as ' Filana ’ malayi Brug, of which only the microfilaria is yet known, this 
being entirely different from the microfilaria of Wucheieria bancrofli, as are also 
the pathological effects produced by it 

The area that has been surveyed is shown on the Map The town of Patnagarh 
has a population of 3,887 and is the second biggest in the State The population 
comprises different classes of people, chiefly Oriyas, and mcludes a large proportion 
of serm-abonginal people— the Bmjhals, Saharas, Konds, Uandas, Ghasis and Koles, 
Hindus in religion Agriculture is the chief occupation 

Water supply is obtained from wells, tanks and the river Subarnarekha There 
are no drains m the town, nor conservancy, except hand-removal of mght-soil from 
a few latrmes attached to the state bmldings and schools The rest of the popula- 
tion use scrub jungle or open ground for defeecation ^ 
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The climate is similar to that prevaihng m the rest of Oiissa except that it is 
prohahly hotter m summer and colder in -winter The average annual rainfall 
IS about 50 mches and is received chiefly durmg the south west monsoon, from 
July to September The prevaihng diseases m the order of frequency are malaria, 
skin diseases, dysentery, urethritis, hookworm infection and leprosy 

Patnagarh is divided into 12 wards, the wards generally being named accordmg 
to the caste of the people residing m the area Ward 1, Brahmanpara, inhabited 
by Brahmins, is situated on the west and is isolated from the rest of the wards 
The other wards he close to one another and form the major portion of the town 
The Map also shows the wards into which the mumcipal area is divided and the 
total number of houses and population ward by ward in Patnagarh 


PlLARIAL infection IN PaTNAQABH 

To determine the mcidence of filarial infection in the difierent wards of Patna- 
garh the people were exammed at mght between 10 p m and midnight, and thick 
smears of peripheral blood from the finger were taken for subsequent examination 
A total of 1,047 persons were examined, representmg 37 per cent of the population 
which is a very good percentage for random sampling The residts have been 
tabulated (Table I), showmg the details m regard to the microfilaria rate and the 
filarial disease rate of the 12 wards of Patnagarh 

(a) Microfilana late of Palnagath —The microfilaria rate of Patnagarh works 
out at 17 8 per cent (186 persons showing microfilariae out of 1,047 examined) 
When the difierent wards of the town are considered separately marked variations 
itt the intensity of the infection in difieient wards are observed Ward No 4 
(Gradbhitar) is the most heavily infected ward, the microfilaria rate being 40 0 pei 
cent The more heavily infected wards in -fche order of infection intensity are 
Gadbhitar, Ghasipara, Tikapalli, Ampara, Brahmanpara, Kadopara, Jatbandpara, 
Gandapara, Kolpara and Badapara, while wards with light infection are Bhulia- 
para and Baharpara The first ten ‘ paras ’ lie on the outskirts of the town and are 
situated lu the immediate neighbourhood of the tanks, while the least infected 
ones (4 5 per cent and 3 2 pei cent) are centrally situated 

Talile II slions the total number of persons harbouring microfilarise in the 
blood at different ages In the first group, ages 1 to 10, there uere 38 children 
below the age of 6, of these 24 were male and 14 female Six among the former 
and two m the latter were positive for nncrofilariBe The youngest child show mg 
the infection was aged 4 

From the above table it appears that the percentage of infection is practically 
the same for all the age periods The results show a striking difference from those 
usually obtained with Wvchere) xa hand ofii infection In the latter case the infection 
curve shows a rapid increase during the age period of 10 to 20 or 30 and thereafter 
a gradual but steady increase As regards the distribution m the sexes, however, 
no marked difference is noticeable m the case of either of these mfeotions 

{b) Fxhnol disease rate— A house to house survey for filarial diseases was 
eairied out and the results are shown in Table I Out of a total number of 3 887 
persons examined during this survey 127 were found to have filarial diseases or 
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Ftlariasis in Patnagarh {Orissa Feudatory State) 


gave a lustory of filarial lympliangitis The gross filarial disease rate for Patnar'arh 
IS 3 3 per cent Here again the filarial disease rate is highest in the wards lying on 
the boundary of the town, such as Gandapara and Gadbhitar, while Baharpara 
and Bhuhapara show the lowest rates It will be remarked that there is a general 
positive correlation between the microfilaria rate and the filarial disease rate, and 
that areas with heavy infection have a high mcidence of filarial disease and vice 
versa 


Table I 

Showing thejilarial disease iate and the microjilana late of Patnagarh ward 

by ward 


Senal number and 
names of wards 

JTilamal disease 

KATE 

SIlCEOFILARIA KATE 

Total 1 

popttlabon I 
(all e\a , 
nimedl 

Number 
wjtli sians 
of filarial 
disea'o. 

Filanal 
disease 
rale, 
per cent. 

Number 
examined 
lor micro- 
filaria 

Number 

jlOSltlVO 

for micro 
htana 

1 

! 

Microfila 
na nite, 
per cent 

1 

Brahmanpara 

410 

26 

61 

90 

1 

25 I 

26 0 

2, 

Badapara 

705 

21 

30 

163 

10 

117 

3 

Jatbandpara 

173 

3 

17 1 

1 

64 

1 1 

240 

4 

GadbhVar 

205 

1 

20 

98 

65 

22 

40-0 

5 

Kolpara 

285 

6 

1 

18 

63 

9 

14 3 

0 

1 

Ampara 

126 

i 

9 1 

1 

7 2 

26 

1 

7 

27-0 

7 

Bhuhapara 

709 

4 

06 

205 

9 

46 

8 

Baharpara 

i 

f)83 

! ' 

09 

J 

125 

4 

32 

9 

Kadopara 

S26 

, ^ 

1 28 

88 

22 

25 0 

10 

Tikapalh 

98 

6 

51 

42 

16 

35 7 

11 

Ghasipara 

' 88 

8 

I 

9 1 

88 

32 

36 4 

12 

Gandapara 

120 

13 

10 8 

42 

9 

21 4 

Totals 

3,887 

127 

33 


186 

17 8 
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Table II 


Slioiving the microfilana rale accorihng to age and sex 


Serial nnraber | 

Ago group 

Mile 

Female 

Totals 

1 

Peecfit 

TAGE 

Total 

oxammed 

Number 

showing 

miLio 

fi' in c 

Total 
[ ci. imincd 

i 

Number 
show mg 

1 micro 
j fihinic 

Number 

cxammed 

i 

Number 
show mg 
niicro 
lilanss 

i 

1 

1-5 

1 

i 24 

G 

1 11 

2 

' 38 

S 

21 0 

2 

G-10 

94 

13 

73 

12 

167 

25 

15 0 

3 

11-15 

00 

14 

10 

1 

100 

15 

15 0 

4 

lG-20 

S7 

10 

13 ^ 

6 

100 

10 

16 0 

6 

21-25 

72 

9 

8 

3 

SO ' 

12 

15 0 

6 

2G-30 

157 

30 

20 

7 

177 ! 

37 

20 9 

7 

31-35 

97 

20 

19 

2 

116 

22 

19 0 

6 

3G-40 

G3 

13 

20 

2 

85 

15 

17 0 

9 

41-45 

37 

8 

9 

2 

10 

10 

21 7 

10 

4G-5Q 

03 

9 

10 

0 

63 

14 

22 2 

11 

0\et 50 

63 

9 

12 

3 

75 

12 

16 0 


Totals 

839 

141 

208 

45 

1,017 

180 

17 8 


Table III 


Showing the tyj)es and tncidence of jilanal diseases 


Filaml disease (Total 
oases 127) 

1 Male 

Female 

Totals 

Percentage 

Elephantiasis, leg 

1 39 

26 

65 

51 2 

ElephauUasis, forearm pnd 
hand 

6 

4 

9 

71 

Elephantiasis, leg and arm 

3 

1 

4 

32 

Filanal I^raijlmngihs of leg 
or rtrm 

24 

25 

49 

38 0 

Totals 

71 

56 

127 

• 


Elepliantiasis of tlie extremities forms the chief type of filarial disease met 
with m Patnagarh History of Ijonphangitis of the extremities recurring periodicahy 
IS elicited lu every case of lymphatic obstruction Abscesses along the main 
lymphatic regions or on elephantoid limbs are fairly common Other manifesta- 
tions of filarial infection such as elephantiasis of the gemtals, hydrocele or chyluria 
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Filariasis in PatnagarJi { 07 i^sa Feudatory State) 


do not occur in Patuagarli This is in agreement with the rcporte by Brug (1027), 
Korke (1929) and Iyengar (1932), in areas where ‘ Filaua ’ malayi occurs 

No distinct difference is seen in the filarial disease distribution between the 
sexes 

A HOUSE TO HOUSE SURVEY 

A thorough and detailed house to house survej’’ was carried out in Ghasipara 
(ward No 11, see I\Iap) The huts arc built of clay and mud and the roofs arc 
thatched They lie in tliree rows each hut being separate from the other There 
are no roads, no drains noi any system of conservancy The people belong to the 
sweeper class The ‘ para ’ forms the southern boundary of the town and is 
between two tanks — ^Eamsagar and Hirasagar The results of investigation of this 
‘ para ’ are given below — 

Table IV 

SJioioing the miG)ofila)m uite and fUaiial disease late of Ghasipara 


MICROFILARIA RATE ' FILARIAL DISEASE RATE 


Age gi-oup 

Male 



Female 

Male 

Female 

Number 

e\ammod 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 
positivi . 

1-5 

» 

3 

6 

1 

0 

0 

0 

0 


7 

2 


6 

0 

0 



11-15 

5 

1 

O 

0 

2 

0 



10-20 


0 

2 

1 

0 

0 

0 

0 

21-25 

4 

9 

2 

2 

0 

0 

2 

1 

26-30 

6 

1 

5 

2 

1 

0 

0 

0 

31-35 

4 


5 

1 

1 

0 

0 


36-40 

3 

O 

5 

2 

0 


0 


41-45 



4 

1 

0 

0 

2 

1 

16-50 

1 

1 

0 

9 

0 


0 

0 

51-55 

] 

0 

0 

0 

0 

0 

0 


56-60 


0 

3 

1 

0 

0 



Over 60 

0 

0 

o 

] 

0 

0 

0 

0 

Totals 

30 

12 

49 

20 

1 

0 

4 

2 
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Tlie above results are in agreement with those obtained with random sampling, 
vide Tables I and II 


Type oe eilamal ixeection 

As mentioned previously the infection observed in Patnagarh was entirely 
‘ I liana" malayi Brug The absence of Wuclieiena banooftz infection in this 
area is very strikmg For the identification of the kmd of filarial infection the 
following diagnostic table on the two species of human microfilariae hitherto found 
m India may be of use 


I 

i 

1 

! 

MxerojUana hancrofix ^ 

\ 

1 

MtererfUana inalayt 

Lengtli 

1 

260/1 to ^, 00/1 j 

143/1 to 180/1 

Breadth 

^ 7/1 to 10/1 

S[i 

Sheath I 

Present 

Present 

Penodicity 

I Nocturnal ' 

Nocturnal 

Disposition in a 
tluck film 

1 Smootli curves , Bocty witii short wavy 

1 ' curves often presenting 

1 a cnnhled appearance 

Nuclei 

1 

Small, evenly distnhutcd, ^ 
not overlapping 

1 Laiger, massed up and 
overlapping 

Tail end 

Tip of tnil devoid of 

1 nuclei 

Tip of tail irregnlar with 
1 , 2 or 8 minute nuclei 


In India the distribution of ‘ Ftlarta ’ malayi Brug has been found to be very 
discontinuous It occurs extensively in the coastal areas of Travancore (Iyengar, 
Joe Git ) and patch)^ distribution of this infection has been recorded by Korke (joe Git ) 
in Balasore, therefore the present record from Patnagarh is of interest, as these 
towns are withm 200 miles of each other 


Mosquito sttbvey 

The foUowmg species of mosqmtoes n ere found to be prevalent in Patnagarh 
during the period of the survey The identification was kmdly done by Captam 
P J Barraud, Officer-in-Charge, Central Malaria Bureau, Kasauli 

Mansoma [Mansonoides) annuhfeia, M iinifounis, Gulex fatigans, C 
{Ciihciomyia) imlhdotliorax, Anopheles hyicaniis, A palhdus, A annuhns 
{fuhgtnosiis) and A ciilictfacies 

The breedmg of Cidex fatigane and G palhdothorax was found to be restricted 
to a solitary sump in a temple in Brahmanpara, and to a few ram-water collections 
in broken earthen pots lymg scattered outside huts 
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3Ia7}sonotdes spj) and AnopMes spp -were found to be breeding in the tanbs of 
which there are sixteen in the town area Most of the tanks lying on the outskirts 
of the town were found to be densely covered with Pistia 

Intermediate host 

A large number of mosqmtoes collected from dwelling houses from different 
parts of the town were dissected and examined for filarial infection to determine 
the intermediate host Over 200 specimens of different species were examined and 
the findings are furnished m Table V — 

Table V 


Mosquito dissections 



Number 

N mu b'lr 

SjJGCies 

e'ciiiuincd 

] o'l* re 

Mansonia {Mannonoirics) annuhferus Th 

no 

23 

M un\formis III 

23 

1 

Ollier fahgans Micd 

28 

0 

Anophdis hvrcanus Wied 

0 

0 

A fuliqtnosus Giles 

25 

0 

A paUidiis Tb , 

20 

0 

A cuhcifaciei Giles] 

r, 

0 


The most common species in the area was 3Iansonia aiinul frra Natuial 
infection was found in only two species 31ansonia annuhfenis and 31 umfcimis 
Judging from the numerical prevalence of 31 annuhferus and the high rate of 
infection observed under natural conditions it is evident that this species is the 
prime, if not the sole, agent concerned in the transmission of filarial infection in 
Patnagarh 31 uniformis also plavs an appreciable part in the transmission of 
the infection The other species of mosquitoes are probably ummportant from the 
point of view of the transmission of ‘ Filana ’ malayi infection 

Summary 

1 Patnagarh in Orissa, a small rural tvpe of town, has endemic filariasis , 
the infection consists entirelv of ‘ Filana ’ malayi Brug The gross infection rate 
IS 17 8 per cent and the filarial disease rate is 3 3 per cent The types of filarial 
diseases aie either filarial lymphangitis or elephantiasis of the limbs Elephantiasis 
of the legs is the most common filarial affection Elephantiasis of the gemtals, 
hydrocele and chyluria are entirely absent 
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2 Transmissioii of the infection is primarily through the agency of 
Matisonoides annuhfera which is the commonest species of mosqmto m Patnagarh 
The species showed an infection rate of 20 9 per cent under natural conditions 
M umfo) rms plays a secondary part in transmission Species of culex and anopheles 
do not appear to be concerned with the transmission The breeding places of 
mansonoides are the large tanks (shown on the Map) densely covered with Pistia 
which occur in the area surrounding the town 
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THE LABILITY OF THE ‘ INFECTH^ ’ FORMS OF THE 
LARViE OF WVOHERERIA BANCROFTI WHEN 
FREED FROM THE MOSQUITO HOST *> 

BY 

K P MENON, LROP & s, 

AND 

P V SBETHARAMA IYER, m a 
{Fiom the King Institute of Preventive Medicine, Ginndy ) 

[Received for publication, September 21, 1935 ] 

Mosquitoes infected vatli the larvse of Wuclieiena bancrofti become infective 
m about twelve days On or about the tenth day, one often meets with two distinct 
kinds of larvse, a shorter, sluggish form and a longer, active one The shorter, 
sluggish forms are probably lan^® whose development has been arrested They 
are seldom present in the proboscis Their cuticle is not hardened and, when an 
infected mosq^mto is dissected, either m salme or distilled water, these stout, sluggish 
larvse burst and die A small hermation occurs m a few minutes at some weak 
spot in theu body and this enlarges and bursts 

The longer, active forms referred to above are what we consider the ‘ infective ' 
forms These have a resistant cuticle and appear in the proboscis generally m 
paus These active larvse retain theu morphological characters intact even after 
death As we found that these forms are able to live m sahne and other fluids 
for a considerable time, it was decided to test their viabihiy outside the mosquito 
in various fluids of known strength The possible importance which might attach 
to this information lies in the fact that it suggests methods of filarial infection of 
man through channels other than the bite of infected mosqmtoes So far as we 
know, there is no record of any experimental observation on this subject in the 
published hterature 

Durmg the course of a filanasis survey of Saidapet, matenals and opportunity 
were available to us for the study of this problem 


♦ Paper read at tbe 23rd Session of tbe Indian Science Congress held at Indore in lanuari 1930 

{ 881 ) 
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Viability of the Lance of Wucliereria bancrofti 


Naturally infected mosquitoes {Culex fatigans) were caught m houses m 
Saidapefc, an area where filanasis is endemic They were killed by concussion in 
test-tubes and dissected on glass slides in normal saline Infective forms of larvio 
when seen imder the microscope, were pipetted ofi and placed in well-slides contain- 
ing the various flmds in which the survival period of these laivie was ascertained 
Observations ivere made m relation to plain tap water, water contaimng 0 2 per 
cent hydrochloric acid, 0 5 per cent and 0 25 per cent lactic acid and water conta"imnR 
starch and egg albumen, with and without hydrochloric acid ^ 

The following table indicates the various fluids, the number of observations 
m each fluid and the duration of life of the mfective larvee in each of the flmds • 

Table 



Keagenta 

Number of 

j P£BIOD OF SUnHVAI. 


, observations 

j JIa\imum 

j Minimum 

1 

Tap water 

t 

7 

1 61 hours 

4A hours 

2 

Ringer’s solution 

1 

1 1 

1 

31 

3 

0 2 per cent hj drochloric 
acid 

1 ^ 

1 12 minutes 

1 10 mmutes 

4 

0 5 per cent lactic acid 

j 1 

1 Immediate death 

6 

0 25 per cent lactic acid 

1 ] 

1 1 

f » 


G 

0 2 per cent TICl 4 2 5^ 
per cent to 10 per cent 
egg aibuincn j 

I “ 

i 

45 mmutes 

1 20 mmutes 

1 

7 

0 6 per cent lactic acid 
4-2 5 per cent egg 
albumen j 

1 5 

j 

i 

1 65 mmutes i 

! 1 

25 minutes 

8 

15 pel cent egg albumen 
in tap eater j 

1 

1 

1 

4 hours 15 
minutes 

9 

4 per cent egg albumen m 
tap -water 

[ 1 

1 

i 

6 hours 30 
mmutes 

10 

2 per cent starch solution 
4-0 2 per cent Hul 

5 

1 

15 minutes j 

10 mmutes 

11 

2 per cent starch solution 

3 

5i hours 

2 hours 


It was found that the ‘ infective ’ larvee could live in tap water from 4^ to 
hours This shows the possibility of the ‘ infective ’ filarial larvse remaimng alive 
m natural waters, on liberation from their insect hosts into water either at the 
death of the latter or by emergence from then proboscides at the time of egg laying 
The period of survival m water is also sufficiently long to warrant the inference 
that human hosts could contract the infection through drinking the wa or 
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tlirougli the shin, were such a method possible It was also found that the larvae 
could hve in 0 2 per cent hydrochloric acid with different concentrations of starch 
and egg albumen for 20 to 45 minutes This would appear to suggest the possibility 
that the larvae when swallowed could resist the action of the acid gastric 
contents 

These observations are reported in the hope that they may lead to further 
investigation along similar Imes with a view to settling whether filarial infection 
with W bawiqfti may be contracted by means other than the bite of the 
mosqmto 


[The following quotations from Manson are of interest in this connection — 

1 ‘ That the young tilaria can live in water for a time is certain it is conceivable that some 

of them, such as these which at the eompletnn of their stage of development in the 
mosquito find their wav into the abdomen of the insect, mav escape into water when 
the nio3(mto lajs hor eggs or dies’ (Maasons ‘Tropical jrodicme 6th ed, 1012, 
pp 609-610) 

2 ‘In my original observations on this subject in 1S79 and ISSh {Trani T inv Sor , 1S83) 

I coineetuied that the fullv metamorphosed lilana escaped from the inseit 
either at her death or u hen she deposited her eggs and that thus, in drinking \i ater, it 
obtained a chance of gaining access to the stomach of the human host > ’ 

(Mauson’s ‘ Tropical Medicme 6th cd , 19 Ti, p 610— foo' note) —ifdi/or, i J M 11} 
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LIFE-HISTOEY and MORPHOLOfiY ® pf *7^ 

IN THE DOG-TICK RHIPICEPHALU8 SAISGUINEUS. 


Parts 1— n. 


BY 

Lieut -Coloneb H E SHORTT, i m s , 

Director, King Institute of Pieventive Medicine, Guindy, Madras 

[Received for publication, December 2, 1935 ] 


Part 1. 

THE LIFE-CYCLE OF B. CANIS IN R, SANGUINEUS. 

I INTRODUCTION 

The genus Bahesia is notable on account of tbe fact that the transmission 
from host to host of infections with one of its members, B bigennwx, by ticks was 
the first instance to be described of the transmission of a protozoal parasite by an 
arthropod Tins discovery by Smith and Kilborne (1893) opened up the vast 
field of research on the part played by arthropods in the transmission of protozoal 
diseases which has since that date revolutionized our knowledge of tropical diseases 
While the most important aspect of this discovery was the light it shed on a 
principle of nature its more direct effect, leading to the study of the families 
Babesndcc and TheiJenida;, has been to reveal the enormous economic importance 
of these families throughout the world and over a wide range of animal hfe both in 
nature and under domestication 

Among domestic aumials which sufter from the various forms of Babesiasis or 
Theilenasis caused by different species of the families mentioned are to be cited 
cattle, horses, sheep and dogs and, as the disease in some of its various forms is 
present m every continent of the world and at times produces serious losses in 
domesticated animals, its economic importance need not be further stressed 

The species which forms the sub 3 ect of this commumcation Babesia cams was 
first recorded by Piana and Galli-Valerio m Italy in 1895 as occurring in dogs and 
lias since been recorded from various parts of Europe, Africa and Asia It is at 
least doubtful whether it occurs naturally in America and Australia 
MR ( 885 ) 
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886 Life-Histouj and Moi]-)]ioJogy of Babesia cams m iha Bog-Ticl 

Tn India it was first recorded by Cliristopliers (1904) and Jatei by James (1905) 
and since that date lias been recognized as a very important disease of do"s and 
the cause of much iiiortality, especially among imported breeds 

Lounsbury (1901, 1904), m South Africa, was the first to piovc that the tick 
w as the arthropod host, and he also demonstrated, following Smith and Kilborne’s 
original work, that the infection passed through the eggs of the tick to the succeediii" 
generation of adults 

The carrier m India is the dog-tick Jihp7cepJiahis scrnginvcuf,, but other species 
of tick have been proved to be the vectors m other parts of the world 

Although the transmission of B cams infection by the dog-tick was demons- 
trated, as has been stated, in 1901 and the subject has been investigated by many 
distinguished workers, notably Christophers, Marzmowski and Bielitzer, and later b} 
Regendanz and Reichenow it is only now, after the lapse of over thirty years, tliat the 
full cycle of development of this parasite in its artliropod host is becoming known 

Probably one of the chief reasons for this slow' accumulation of facts is the 
techmcal difficulties inherent in the histological examination of ticks Christo- 
phers’ origmal work appears to have been carried out entirely by examination of 
fresh preparations and of fixed and stamed smears and it is a tribute to the remark- 
able accuracy of his deductions from these preparations that, m the present w ork, 
which has been earned out almost entirely by means of imcroscopical sections. Ins 
conclusions with regard to the various appearances found by him liave been proved 
to be almost mvanably correct The later workers mentioned have made full use 
of the method of microscopical sections in confirming their observations on fresli 
material and fixed smears but, so far as can be gathered from their owm descriptions, 
have been obliged, at least m certain stages of the ticks investigated, to remove 
from the bodies of the ticks the organs being examined before submitting the latter 
to section cuttmg 

This has been rendered necessary chiefly on account of the difficulty of success- 
fully cuttmg thin sections, both of the soft parts and of the tough chitmous covering 
of the tick This difficulty is not entirely evaded by the previous removal of the 
dorsal chitmous shield of the tick, which can be successfully accomplished without 
undue disturbance of the underlymg viscera 

In the present work every effort has been made to base all observations on the 
exact localization of the parasites m the body of the tick only on preparations m 
which the body contents of the tick have been allowed to remam ^n situ, the onfi 
concession made to the difficulties in techmque being, m the case of the adult and 
nymphal stages, the removal of the dorsal chitin without disturbing the relative 
positions of the various internal organs The larval stages have mvariabl}' been 
cut whole 

n PREVIOUS WORK ON THE LIEE-HISTORY OP S CANTS 

IN TICKS 

Until the recent appearance of an excellent piece of work by Regendanz and 
Reichenow (1933) there has been very httle pubhshed work on the life-cycle of 
B cams m dog-ticks smee the memoir by Christophers (1907) The possible reason 
for this neglect has already been stated 
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Christophers’ study of the subject elucidated the mam points, both m regard 
to the stages of the tick which induced infection in dogs, mcludmg the occurrence of 
hereditary infective power in the ticks, and m regard to the actual stages in the 
life-cycle of the parasite itself 

As regards the former point the writer has been able to confirm Christophers 
conclusions with regard to the infectivity of the adult and nymphal stages and the 
occurrence of hereditary infections through the ova to the next generations of ticks 
In addition, it has now been proved that the larval stage is also capable of producing 
infection and it has been possible to confirm the deduction of Christophers, based 
on his experiments, but of winch he had no definite proof, that stage to stage infection 
occurs By stage to stage infection is meant that the tick, infected as a larva, 
transmits the infection as a nymph and one infected as a nymph transmits the 
infection as an adult 


^ As regards Christophers’ account of the various stages m the life-history of 
the parasite itself the description to be given here will show that, in the mam and, 
as aheady stated, to a remarkable degree, considermg that Christophers worked 
without imcroscopical section, the present study confirms his findings 

Certain details difier from his interpretation of some of the stages in the life- 
history but the latter is so complicated that it is possible further research ma;y 
reconcile these differences The only major point on which the writer does not 
agree with his description is in lus localization of the developing forms of the parasite 
during the interval between their passage through the gut wall and their appearance 
in the salivary glands He localizes them at this stage in the undifferentiated 
embryomc tissues of the nymph or adult, tissues which may eventually form salivary 
glands, muscle, etc This would appear to leave to pure chance the final localization 
of the parasite, whereas, to produce infection, it is essential that the final localization 
should be m the salivary glands It is in this way that Christophers explains the 
occurrence of the parasites, not only m the salivary glands but m muscle tissue and 
elsewhere Even here, however, it is only fan to say that Christophers stated that 
it was unlikely that all the parasites found m areas other than the salivary glands 
uere doomed to degenerate or he idle and that probably some provision existed for 
tlieir transference or imgratiou to the glands Without going into details of the 
writer’s views here, as they are fidly elaborated later, it is only necessary to add 
that an entirely different conclusion was come to from a study of microscopical 
sections of ticks made at different stages of infection 


Begendanz and Eeichenow {loc cil ) in their excellent account of the hfe-history 
of B cams in Demacentor retwulatus have given a description which corresponds 
fairly closely with the present findings but whicb differs in certain details Thus, 
they describe the earlier stages of development of the parasite as taking place in 
the cells of the tick’s gut This has not been the vuiter’s experience as the account 
below will show Thus tlie earher stages of development were found to take place 
m certain phagocytic cells m the body cavity It is possible that both mterpreta- 
tions are correct smce the present study deals with a different species of tick and 
chiefly vith the nymphal stage of it, whereas they appear to have done most of 
their work with the adult stages One other aspect in the life-lustory which formed 
a characteristic feature at a certain stage iii the case of the parasite mvestmated 
here, viz , the concentration of parasites in the muscles and muscle-sheaths of the 
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tick at a certain stage, nas eitkei not seen or lias been completely iguoiecl by tliein 
Here again tlie discrepancy is possibly due to the diffeient species of tick 

Otlier points of difterence betw een tlic present work and that of Cliristoplicrs, 
and of Eegendanz and Reicbenoy are in minor points of detail and will emerge in 
tbe course of tbe description so that tliey need not be considered at tins stage 

Besides these two important studies on B cams there has been some important 
recent work on other species of Babesia, notablj’- that of Dennis (1932) on B bigcmwa 
and of Cowdry and Ham (1932) on Theilena parva As both these studies deal 
with a different species of Babesia and the life-history is associated -with ticks 
{Margaiopus annulatus and RJnpicephalus appendicidaius), the habits of nhich 
difier markedly from those of R sanguineus, it is not remarkable that there should 
be many more pomts of divergence betw een the ivriter s findings and theirs than in 
the case where the former findings were compared with those of other workers 
studymg the same species of Babesia 

Any pomts m the life-history of B bigemina, as elucidated by these workers, 
and which are relevant to any of the present findings will be referred to m the 
description and need no further mention here 

III OBJECTS OF THE PRESENT INVESTIGATION 

At the time tins work was commenced the paper by Eegendanz and Reichenow 
referred to above had not appeared and the most complete account of the hfe-history 
of B cams m the dog-tick was still that of Christophers The object auned at, 
therefore, was to try and fill m the laoume left by Christophers, small though these 
have been shown to be, and to present as complete an account as possible of the 
life-history of B cams m R sanguineus To this end the method of microscopical 
sections was used m order accurately to delimit the localization of the parasite at its 
different stages m the tissues of the tick m a manner, and with an exactness, only 
possible by this method The work of Regendanz and Reichenow might be thought 
to have fulfilled these objects, and m many respects, the present findmgs confirm 
theirs but in certam respects, some of which have been referred to above, the writer’s 
observations differ from theus sufficiently to make the recording of them necessary 
It IS with the object, therefore, of co nfirmin g the work of Regendanz and Reichenow, 
where then observations comcide with the writer’s and of stating his own findings 
where these differ from those of the authors mentioned that tl^ account is non 
presented It may eventually prove that the discrepancies m the two descriptions 
of the life-cycle of B cams are due to differences caused by habitat m a different 
tick host although one is mclmed to beheve that this is unhkely and that they are 
due to differences m mterpretation of the appearances seen and that one or other is 
correct and not both 


TV MATERIALS AND hlETHODS 

Ticls — ^All the work has been carried out with the common dog-tick of India 
Rliipiceplialus sanguineus This is easily obtainable from street dogs but care has 
to be taken that the ticks when collected are not mjured This tick normally lias 
three hosts Each stage, larva, nymph and adult, feeds to repletion on a dog and 
then drops off It crawls, most frequently upwards, to some sheltered crei ice and 
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there becomes quiescent to digest its blood meal This is followed, m the case of 
the adult female, by oviposition and in the case of the larva and nymph by the 
subchitmous changes leading to the next ecdysis, nymph or adult as the case may be 
It IS seen from this life-history, which has been too often described to be gone into 
m greater detail that, if the ticks are removed from the dog, they are likely to be 
incompletely fed and, m any case, likely to be m3uxed so that it is best to collect 
the engorged adults from their hiding places and to breed a stock of ticks from 
then eggs Another method is to enclose the dog in a cage which is itself enveloped 
m a large calico bag The engorged ticks of all stages may then be collected from 
the bag as they drop oS 

The engorged adults, if kept m test-tubes with pieces of crumpled tissue-paper, 
lay large clusters of eggs which hatch mto thousands of larva? These can be fed on 
dogs, collected from the cahco bag, and placed in test-tubes till they become nymphs 
which are similarly treated and we agam reach the adult stage In this way a 
contmuous stock of clean ticks m all stages can be mamtained 

Christophers’ work was in some cases complicated by the fact that he had 
some cages which were infested with ticks These ticks were in some cases normal 
and in others infected, so that an experimental clean dog placed in the cage might 
become infected by the bites of the parasitized ticks and thus infect the clean ticks 
The result of this was that the individual ticks removed from such a cage might 
show the Babesia infection in different stages and it was even possible that two 
different stages of infection might be present in the same tick In order to obviate 
any such difficulties and to render more easy the exact correlation of different stages 
m the development of the parasite with known periods after the feed of the tick on 
an infected dog the writer has been careful always to put only one stage of tick at a 
tune, 1 e adult, nymph or larva, on an infected dog In this way the stages of 
B cams found in any tick could be correlated very exactlv with the time which had 
elapsed smce the tick became infected by feeding on the dog This correlation 
could not be absolutely exact unless a single tick only was fed because, whereas 
some ticks attach themselves at once on being given the opportunity, the majority 
do not The result of this is that out of a large batch of njonphs placed at the 
same time on a dog it may be several days before all which are going to feed are 
attached and, therefore, m a single batch of infected nymphs there may be a 
difference of a similar nunibei of days in the stages of development of B cams in 
mdiiidual ticks 


Dons — It is a widelj'-held belief that imported European breeds of dog are 
much more susceptible to infection with B cams than the mdigenous dog of India 
One is not quite sure that this bebef is justified as regards mere susceptibility to 
infection but it is probably the case that European breeds of dog take the disease 
more severely and are more liable to die as the result of it if treatment is withheld 
In the case of indigenous dogs it is probable that a large number are infected as 
puppies and, as experunental infections show, it is almost certain that a large pro- 
portion of tliese will die of the mfection Those which survive the imtial acute 
attack seem to acquire a degree of mimumty or at least tolerance and in these a 
chronic infection is set up which may persist for a very long time Tins condition 
IS more likely to be found in adult dogs and the presumption is that they became 
infected as puppies and have retamed a low grade infection Such dm^s are usuallv 
seen to be somewhat anseniic but, on some occasions, only the chance finding of 
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paiasites m blood films lias revealed the presence of an unsuspected infection The 
uliolc of the work here described has been coined out with indi'^enous do"s and 
this IS probably responsible for the impression gatheied from reading Chiistojihers’ 
reports that, on the whole, he i\as accustomed to deal with heavier lufections both 
111 his dogs and his ticks than was the case m the present senes, a lesult probabh 
due to the fact that he largely utilized imported breeds of dogs 

Miooscoincal and seclion-cnthng technique 

Seclion-cuUwg technique — Tliroughout the work the embedding method 
employed has been the method of double embedding in celloidm and paraffin Tlie 
full details of the teclimque need not be gone into but the method employed may be 
broadly outlined as a guide to others m the somcwdiat difficult problem presented 
by ticks 

Fixation — Slany fixatives w'ere tried but those wdiich have given the most 
uniformly successful results, and wdiich have been employed almost exclusively m 
this mvestigation, are the fixatives of Bles, Carnov (formula wuth chloroform) and 
Bourn 

In ordei to get satisfactory fixation m nymphs and adults it is necessary, as a 
prelinunary, to remove the dorsal chitm This may be done by fixing the vcntial 
surface of the tick on a block of paiaffin, the tick being stuck on an area melted 
with a hot spatula A circular retaining -wall of plasticine is made round the tick 
and the chamber so formed is flooded with sahiie solution or with the fixative to be 
used The chitm is cut with scissors or with an iridectomy knife or safety-razoi 
blade around the lateral margin of the tick and is then lifted off with suitable needles 
in handles, retaining filiiils of tissue beiuii biokcn through with the needles or knife 
Alternatively, the tick may be held m the fingeis bcfoie fixing on the paraffin block 
and the lateral margin cut round as described The dorsum being removed the 
tick IS transferred to the fixative selected 

Fixation being complete it is dehydrated m alcohols, transferred to clove oil 
till clear, and then to a solution of celloidm m clove oil In this it remains a mimmum 
of four clays but preferably for a wmek or more It is then transferred, m a clroj) 
of the celloidm solution, to a paraffin-coated cover-slip which is floated upside down 
on chloroform until the button of celloidm containing the tick detaches itself The 
celloidin-embedded tick is transferred to fresh chloroform to clear and harden and 
then, without drying, is embedded m paraffin For cutting purposes the ticks arc 
oriented so as to cut tangential sections of the dorsum, thus avoiding, as far as 
possible, the hard chitmous parts on the ventral aspect 

The technique outlined above applies to the adult and nyniplial stages only of 
the tick The larvai are very minute forms and not easily dealt with by the same 
methods As very large nmnbers have to be examined by the method of micros- 
copical sections one had to devise a different process for larvie, one by wdiich many 
individuals could be cut and examined together This was rendered the easier by 
the fact that satisfactory fixation could be obtained of whole larvae without the 
necessity of removing the dorsal chitm The procedure adopted with complete 
success wms as follows — 

In a small rectangular piece of amyloid liver a small pocket is excavated with an 
iridectomy knife or a sliver of a safety-razor blade Into this are inserted about 
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one hundred partially fixed tick larvae The liver containing the larvae is immersed 
in the fixative and the mouth of the pocket is closed with a drop of egg albumen 
which IS poured m tlirough the fixative The albumen also overlaps the edges of 
the pocket and is immediately coagulated by the fixative resultmg m the effective 
seahng of the mass of larv® in the pocket of hver Fixation of the larvae is quite 
satisfactory and the block of liver is cut either vertically to the plane of the mouth 
of the pocket or tangentially, orientation bemg facilitated by the rectangular shape 
of the liver In the former case the closely packed larvae are seen surrounded by 
liver on three sides and in the latter completely surrounded By usmg this method 
it 13 obvious that the larvae will present every variety of orientation but, as individual 
larvae can, by theu position relative to then fellows and to the hver walls, be followed 
from section to section every part of every larva can be exammed in a preparation 
cut as serial sections Text-figure 1 shows the arrangement described — 
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modjiicatons of Eomanowsky’s stam, aud iron tamatoxylin are so grea%‘np°enS 
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to all others that only for exceptional and restricted purjioses need one go he} ond 
these two stains 

In. the present investigation Giemsa s stain has aln ays been used when one 
has been searching for stages in the life-history of B cams -which were not known 
and famihar The polyclirome results obtained by this stain greatly facilitate 
search for unfamiliar forms especially when normal appearances are -w’ell known to 
one Once a particular stage in the life-history was recognized with certainty and 
its morphology roughly elucidated as brought out by Giemsa’s stain specimens of 
the same stages, stamed with iron hsematoxylin, w ere made as permanent prepara- 
tions For this purpose a frequent procedure was to stam one half of a tick cut in 
serial sections with Giemsa s stain and the other half with iron hamiatox} liu 
Similar stages m the same individual tick were thus capable of being compaied as 
shown by the two stams With the iron haematoxyhn a counter stain, dissolved in 
carbol-xylol, was frequently used This counter stam w’as used mimediatcly after 
dehydration and before clearing the sections mpure xylol One method was found 
particularly useful in cases where a section stained with Giemsa showed some 
particular form which it was doubtful if one could obtain another specimen of 
As this process does not seem to have been described elsewhere, and as it enables a 
permanent preparation to be made m place of a Giemsa-stamed one which w'ould 
eventually fade, even if kept m the dark, it may be useful to mention it here 
A Giemsa-stamed slide showing a form of which it is important to have a 
permanently stamed record may be readily stained with iron hsematoxylin The 
slide IS suspended in xylol in such a way that the cover-slip can slip off as the xylol 
dissolves the balsam or other mountant The time taken will vary wnth the extent 
to which the latter has dried The slide is next transferred, upside down, to a dish 
of methyl alcohol and allowed to remain until completely or almost completeh 
decolorized, precautions being taken to prevent undue evaporation of the alcohol 
The preparation is now transferred to a solution of iron ammonium alum and 
the subsequent operations are those ordinarily employed in the non hsematoxylin 
techmque 

V DESCRIPTION OF THE DIFFERENT STAGES OF B CANIS 
AT DIFFERENT PERIODS IN ITS LIFE-HISTORY 

The stages gone through in the life-cycle vary to some extent according to 
whether the parasite is ingested by the adult or the immature forms of the tick as, 
it will readily be understood, is necessarily the case where the infection may be 
hereditarily transmitted thiough the eggs but is not always so transmitted 

{A) If ingested f)om infected dog's blood by the nymphal stage of the dog-ticl 
R sanguineus — The stage of the tick most readily investigated is the nymph 
This stage being intermediate in size between the relatively enormous fully fed 
adult and the minute larva is m every way the most suitable for the manipulations 
and exannuations, both macroscopical and microscopical, to which the ticks have 
to be submitted It has been the form, therefore, most extensively used in this 
study from the point of view of the contained parasites and in the description given 
lielow wnll be considered first, while the larval, adult and egg stages will be subse- 
quently considered only in so far as they affect differentially the stages in the life- 
cycle of B cams contamed in them 
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lot tlie purposes of a description of tlie life-cycle then, one may conmience 
with, the changes in B cams imtiated at its ingestion by the nymphal stage of the 
docf-tick and follow the evolution of the parasite up to the point where the nymph 
becomes the adult tick At this stage a point is reached where no further develop- 
ment occurs in the parasite until the adult tick commences to feed and therefore, 
for convenience of description and to carry the seq^uence of stages in the 
life-cycle of the parasite to their conclusion in the infective stages m Wie 
salivary glands, one may continue by describmg the changes which occur after 
the adult commences feeding This may be said to conclude the description of 
the full life-cycle in the case where the nymphal stage of the tick becomes 
infected by feeding on an infected dog Subsequently, the changes occurring 
when the adult and larval stages are the ones originally acquiring the infection 
will be similarly, although more shortly treated, special stress being laid on 
those stages necessarily differing from the stages described as occurring when the 
nymph is primarily infected 

By this procedure it is hoped to make as clear as possible, so far as it has been 
elucidated, the complicated life-cycle undergone by B cams in the tick In actual 
practice, however, one has fallen short of this ideal inasmuch as it has not been 
found possible to observe in sections the earliest stages of development, i e , those 
stages immediately succeeding the mgestion of the parasites by the tick in its blood 
meal and one has to be content with commencmg the life-history of B cams m the 
tick at a stage where some days have elapsed after the nymph has completed its 
blood meal and dropped off the infected dog 

(a) Appeal ances s/wiwi 6y B canis/oui oi five days aftei the nymph of B sangui- 
neus has completed its meal and dropped off the infected dog — If a section of a nymph 
» at this stage is examined under a low power of the nncroscope it wdl be seen that 
under the chitinous cuticle there is a single layer of cells which tend to be columnar 
or cubical Under these there is the diftusely-located fat body, while, stdl more 
internally, there is the gut, containing the partially digested blood meal In the 
anterior part of the tick the layer of cells referred to tends to become several cells 
thick, possibly an optical effect due to tangential sectiomng where the hmb buds 
are forming This layer of cells, winch may be referred to as the epidermal layer, 
IS composed of cells which will produce on its outer surface the non-cellular chitin of 
the adult (Plate XXXI, figs 1 and 2) 


In an infected tick, if the epidermal layer of cells is followed around the body 
there will be found at intervals, varying with the degree of infection, lying under- 
neath it and usually closely applied to it, certain large cells which contain in their 
interiors an early stage of development of B cams These cells and their nature 
will be discussed at a later stage 


The actual stage of development reached by the parasite at the period we are 
considering will vary considerably, not only in different ticks but in different cells 
m the same tick The earlier form is that of a globular body with a single small 
chromatic mass more or less centrally situated The liody is smaller than the 
nucleus of the coiitainiiig cell The cytoplasm of the parasitised cell may show 
some rarefaction in the form of a halo round the parasite At a slightly latm: sta^e 
the nucleus of the parasite will be found to be much more bulky and commencing 
division IS indicated by its lengthemng shape It is not mfre^ntfor a single cell 
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to contain two such forms, not necessarily at the same sta^rc of devcloumput 
(Plate XXXII, fig 3) ° P 

The next stage of development is marked by the continued division of the 
chromatm of the parasite until the latter is filled with megular masses, vaiying m 
size and many of them apparently connected together by fine threads of clironiatiu 
This process is accompamed by a great mcrease m the bulk of the parasite, vliich 
may now fill most of the cell and begin to displace the nucleus, which it now greatly 
exceeds m size, to the periphery of the cell It is not infrequent for two such large 
parasites to be present m one cell, a seemingly natural consequence of similar doiiWe 
infections at the stage previously described (Plate XXXII, figs 4, 5 and 6) In 
certain cases the nucleus of the containing cell may not be visible so that the 
simulation of a true cyst is produced 

At this stage of development of the parasite the containing cell is very frequently 
found to contam comparatively large and somewhat famtly stainmg globules or 
granules These stam homogeneously, and vary m size m difterent cells but their 
nature is not known (Plate XXXII, figs 4, 5 and 6) The cell and its contamed 
parasite or parasites may, for convenience of description, be called the pseudooyst 

The stage ]ust described is followed by one m which the cytoplasm of the 
parasite within the pseudocyst commences to be aggregated into clumps The 
cytoplasm stams darkly and this results m a considerable masking of the granules of 
cluomatm but the general arrangement, although obscured, seems to be for the 
particles of chromatm to be the centres round which the cytoplasm aggregates 
(Plate XXXII, fig 7) This stage is evidently the begimung of the series of changes 
to be next described resulting m the formation of one of the most characteristic and 
easily observed stages m the evolution of the parasite owing to its large size, viz , 
the fully developed pseudocyst 

(6) A 2 )pearmices shown by B cams about seven days aftei the nymph of 
R sangmneus has completed its meal and dropped off the injected dog — The stage of 
development reached by B cams seven days after the dropping of the nymph from 
its dog host IS extremely characteristic and, on account of its large size, is readily 
found m infected specimens This is further facilitated by the fact that the 
pseudocysts lie generally closely under the peripheral epidermal layer of cells 
previously referred to, m some cases closely applied to it, and m many cases actually 
mdentmg it so that the cells m immediate apposition to the pseudocyst are shortened, 
and made cubical instead of preservmg then typical columnar form (Plate XXXII, 
figs 8 and 9, and Plate XXXIX, fig 44) 

It IS not infrequent for the pseudocysts, in heavdy infected specimens, to ho 
m groups under the epidermal layer, closely apphed to one another In such cases 
the pseudocysts not only mdent the epidermal layer of cells but may themselves 
be deformed and facet each other (Plate XXXIII, fig 10) In pseudocysts at this 
stage of development the nucleus of the contaimng cell is always peripheral, being 
pushed into this situation by the contmued growth of the parasites, and may or 
may not be visible in any mdividual case The central position apparently occupied 
by the nucleus m certam pseudocysts is owmg to then bemg seen m optical section 
An mstance of this will be noticed m Plate XXXIII, fig 10 

In the description given m the last section the pseudocyst had reached the 
stage where the cytoplasm was beginning to aggregate into masses 
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In the stage reached seven days after the nymph has completed its meal this 
process has been completed and a typical mature pseudocyst has the following 

appearance — 

The shape tends to he spheiical or ovoid but, owing to the compressibihty of 
the contents, the regular contour may be deformed to conform to the space within 
which the pseudocyst is lymg This is well exemplified m Plate XXXlll, fig 10, 
where several are shown varymg m shape due to compression by their surround- 
ings or pressure agamst each other 

Each is surrounded by a distnict wall repiesentmg the cell wall of the parasitized 
cell and in no way connected with the contained parasites At one side of this cell 
wall the nucleus of the parasitized cell may or may not be visible but is always 
obviously compressed by the contents 

These contents take the form of a large number of spherical or ovoid bodies 
each contaimng a smgle nucleus These bodies vary to some sbght extent in 
size but there is a distinct tendency for those within any mdividual pseudocyst to 
be umform in size 

The smaller sizes are defimtely umnucleated and probably do not increase 
further m numbers The large sizes occasionally may show some lengthenmg of the 
nucleus possibly indicating division to form the smaller sizes but we cannot say 
that we have actually seen dividmg stages and arc rather mclmed to beheve that the 
number of bodies is primarily dependent on the subdivision of the chromatin 
described m an earlier section at the stage previous to the condensation of cytoplasm 
around the chromatm granules 

The number of individual parasites contained in a single pseudocyst appears to 
vary considerably but must in some cases certainly be two or tliree hundred In 
certain cases they seem to fill the pseudocyst, beme closely apphed to one another 
and to the contaimng wall, wliile in other cases they are more scantdy disposed and 
considerable free space is left botli between the parasites themselves and between 
their main buUc and the contaimng wall Occupying the spaces left vacant between 
the parasites and between them and the contaimng wall there is usually a coarsely 
granular debris which is presumably the degenerated cytoplasm of "the original 
host cell coagulated by the fixative 

In some instances a pseudocyst such as has been described contained, in 
addition to the multiple bodies, a smgle very large parasite at a much earlier stage 
of development Such accompanying parasites have been seen at the stage before 
fragmentation of the clnomatm (Plate XXXIII, fig 11) and at a later stage where 
fragmentation is well advanced but condensation of the cytoplasm around the 
fragments has not occurred 


At &st, appearances such as these inclined us to consider the possibditv that 
two such dissimilar forms in a smgle pseudocyst represented sexual differences 
especially as it was comparatively frequent to find two parasites m one cell m the 
carher stages of development Eurther study, however, gave us no grounds for 

regarding such appearances as other than the accidental occurrence in one cell nf 
two parasites at different stages of development ‘^currence in one cell of 

of the 
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It IS possible that this stage should be described m the next Section as it may 
usually be a later development than that met with seven days after completion of 
its feed by the nymph but, as it has defimtely been seen at this period, it is mcluded 
in tins Section 

The contents of the pseudocyst as described above are found in the later stage 
to have undergone considerable developmental changes The individual parasites 
have mcreased in size and the pseudocyst as a whole may, although not necessarily 
so, be larger Besides increase in size the great majority of the parasites now 
appear to be crossed by one or occasionally two achromatic lines In some cases 
these achromatic lines do not stretch right across the parasite while in other cases 
they appear actually to dissect off a portion of it This, however, is only an optical 
effect due to the orientation of the parasite and its considerable depth of focus 
(Plate XXXin, fig 12) 
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A careful study of a large number of the individual parasites will reveal the 
fact that the achromatic Ime stops short of dividing the parasite into two but converts 
it into a larger bulky portion invariably containing the nucleus, attached to a 
smaller more attenuated portion which is closeby applied to the neighbourmg part 
of the larger portion The appearance simulates the effect which would be pro- 
duced were a tadpole to bend its tail back upon its head The nucleus is invariably 
single The stage here described is obviously that described by Christophers 
(1907) as leading to the formation of the club-shaped bodies, although he described 
these as being formed inside tlie gut According to his description the achromatic 
line actually represents a cleft in tlic parasite wliicli is later more widely opened by 
a swinging out of the smaller section the movement being completed by the latter 
coming eventually to he in the same line as the larger portion to form a club-shaped 
body The sequence of events may be represented diagranimatically m Text- 
figure 2 
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The correctness of his interpretation will be evident from the description of the 
nevt stage of development in the Section to follow 

(c) Avveamwes sJioivn by B cams eleven to fifteen days aflei the nymph of 
R sanguineus has completed %ts meal and diopped off the infected dog The firs 
stage to be described m this Section is that immediately following tlie form described 
at the end of the last Section 

This consists of pseudocysts containing club-shaped bodies in various stages of 
maturity (Plate XXXIV, fig 13) The development from the body with the 
achromatic line to the fully formed club-shaped body must be comparatively rapid 
as definite intermediate forms have not been found The only differences seen in 
the clubs are degrees of longitude and breadth The more mature club-shaped 
forms tend to be longer and with a more uniform outline than the younger The 
latter are inclined to be more * bulgy ' at one end and attenuated at the other, a 
form associated with the mode of origin of the bodies This development is evidently 
a provision for active migration of the parasites in the tissues of the tick host since 
the club-shaped bodies m fresh preparations are motile Whether they leave the 
pseudocyst by boring their way out or whether they are liberated by its rupture we 
have not been able to determine but club-shaped bodies may, very rarely, be seen 
free in the tissues and it is evident that such forms are migrants on their way to a 
new location This location is in nearly every case the muscles or muscle-sheaths 
This invasion of muscles has actually commenced and established itself at the stage 
we are considering but, as it reaches its fullest development in tlie adult tick, we 
shall describe it m the next Section which deals with the tickaftei its metamorphosis 
into the adult At this stage it may be convenient to consider the question as to 
the nature of the tick cells which, from the earlier stages of development of B cams 
up to the hberation of the club-shaped forms, contain the various stages of the 
parasite The question immediately arises as to whether these cells in the first 
instance ingested the parasites by phagocytic action as soon as the latter had 
penetrated the gut wall of the tick and gamed the body caAuty or whether the 
parasites by their own activity were able to penetrate the cells and so gain a safe 
intracellular habitat The latter hypothesis would seem to imply a selective action 
on the part of the parasites resulting in the parasitization of the right type of cell 
only The situation of the cells m question in close relationship to the fat body 
would suggest the possibihty of then being cenocytes but the writer is not aware 
that the latter have evei been regarded as phagocytic cells and as such, from their 
action in engulfing the parasites, whether actively or passively, the parasitized cells 
m the tick must be considered to be These cells, while t^ically situated close 
under what has been termed the epidermal layer may sometimes be found in other 
situations m the body cavity and are analogous, therefore, in character to the 
wandenng phagocytic cells of vertebrates and from these considerations it appeals 
likely that the cells must be considered haematocytes This question wiU be touched 
on later when considering the parasitization of the muscles of the tick 

(<Z) Appearances shown by B cams koenty to twenty-one days after the nvmnh of 
R sanguineus has comphted its meal and dropped off the infected dog —At tL^ime 
nymphal tick may or may not (dependmg on the temperature) have 
+1 + ^ ^erged as the adult tick Even if the metamorphosis is not comnlete 

km f ^ developed Vn the dd n3nl 

skin that the adult, pst short of emergence, and the newly emerged adXmy 



898 L%je-H'istoTy and Moi fliology of Babesia cams in the Dog-Ticl 

bp considered as essentially identical For the purposes of our description we mai 
consider the stages of B cams seen in a newly emerged adult tick A veiy short 
examination will reveal that a complete change in the localization of the parasites 
has taken place The parasites which, from the carl) stages of their development 
have been contained m pscudocysts, chieflv under the epidermal layer, are no 
longer so 

Practically all the parasites aie non found to be contained eithci in the muscle 
substance or the musclc-shenths 

So precise is the locali/ation of the paiasites at the time of emergence of the 
adults, and so umfoim a finding uas it in this investigation, that one cannot hut 
consider that muscle-tissue, including the musclc-sheatlis, is the site of election foi 
this stage of the parasite 

As VC have ahead} noted this invasion of muscle coninieiiccs from about the 
eleventh day aftei (he dro])ping of the mmph from the infected dog and it reaches 
its maximum development at aliout the time of emergence of the adult tick from 
the old nymphal skin The appcar.inces to be desciibcd belov gn e a general account 
of the foims m which tlic paiasite is found in the muscles and muscle-sheaths at an} 
stage between these periods 'While the strict selcctnc affinity for muscle displa}e(l 
iiy the parasites at tins shigc has been empliasi/cd it should be mentioned that 
cyst-likc aggregation-, are occ.isionalH seen in ^arlous situations in the bod^ cavit} 
(Plate XXXIV, fig 11) These are cither contained defimtcl} in cells and ma'v 
even represent jiseudocysts of the stages pre\iousl} described or they mn\ be Imlgiug 
portions of muscle-sheaths containing parasites which ha\c been cut tangentialh to 
the muscle and so appear to have no connect ion w it h it Serial sections ha\ e shown 
that m some cases at least this is the actual c\])lnnatioii of the ajipcarauces seen 

(c) Appaaanecs scot when the pnrasHc is tn the muscIe-Aicaths —The muscles of 
the tick arc surrounded by delicate slicaths consisting of a single hu er of cells The 
arrangement is well scon m <i cross section of a muscle (Plate XXXIV, fig 15) 
It wall be noted that the cells founmg the sheath biilve out opposite their nuclei and 
thin out pcnphcrall} This thmnmg out ma\ be so pronounced that two contiguous 
cells are connected by a delicate mcnibiane winch cannot be much more than the 
apposed outer and inner cell surfaces 

Wierc two muscles arc in close apposition it is presumed that each has its 
independent sheath on the apposed suifaccs and this is appaicnth confirmed b} 
the distribution of the sheath cell nuclei m such situations (Plate XXXIV, fig 16) 

The parasites in the muscle-sheaf hs appeal to be all intracellular and the\ 
may be piesent in suflicient iiumliers gre.ith to distort the normal outline of the 
sheath cells This distortion may take the form of a pronounced bulge outward 
of the sheath to eucloso the paiasites (Plate XXXIV, figs 17 and 18) or the bulge 
may be inwards causing an indentation of the mu=cle substance, although this form 
IS less usual (Plate XXXV, fig 19) The c}toplasm of the containing muscle- 
sheath cell IS represented by a gianulai debris occup} mg the spaces betw eeii the 
parasites This is proliably purely a fixation cflect as the ajipcarance of the nucleus 
suggests that the cell is not appieciabh damaged b} the parasitic imasion 

A thmd form of distortion occasional!} seen simulates a pedimculated cell 
(Plate XXXV, fig 20) This, how’ever, is not an indication of an actual jiedun- 
culated structure and is due to the plane of the section passing so as to^^cut thiough 
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tlie parasiteed cell and exclude part of the corresponding muscle This is evidenced 
by studying such examples in serial sections 

{ f ) Avpeamnces seen lohon the pmastie is m the substance of the muscle— The 
appearances represented here vary according to whether the muscle is exaimned 
in cross or longitudinal section In the former case the parasites are seen to be 
lying in “renter'^ or smaller aggregations m spaces within tlie muscle There is no 
regidar shape m these aggregations and there appears to be no particular cellular 
reaction on the part of the muscle to shut off these groups from the muscle-fa bres 
(Plate XXXIV, fig 15) 

In certain cases the section of muscle appears to be somewhat more granular 
than IS normally the case and there is some indication of a fibrous or fabriUar struc- 
ture This IS indicated m Plate XXXIV, fig 15, but is not always apparent and 
may be due to minor variations in the techmque of fixation 

In longitudinal sections of muscle the parasites are found disposed in long 
hues separating the muscle-fibres (Plate XXXV, fig 21) These Imes of parasites 
may be severaf parasites thick but we thinlc the tendency is rather to form sheets of 
parasites than columns By tlus we mean that once the parasite has established 
itself between the muscle-fibres it tends to multiply laterally in sheets as being the 
fane of least resistance rather than to separate still further the muscle-fibres m order 
to develop in a depth of several layers of cells That this is not always the case, 
however, will be seen from Plate XXXIV, fig 15 

Occasionally the begmnmg ot the processes here described may be seen in the 
form of a smgle parasite embedded in muscle Such a form in a process of division 
is shown in Plate XXXV, fig 22 The form of the parasite occupymg the muscles 
and the sheaths must now be considered 

In the previous Section it was shown that after the development m the pseudo- 
cysts of the club-shaped bodies the latter, either by active penetration of the cell 
wall or by its rupture, left the pseudocysts and actively migrated into the tissues of 
the host 


Here they may, rarely, be seen although their scattering renders this difficult 
except by the most laborious search of many sections We presume, however, 
that their migrations, except in abnormal circumstances, do not last for long and 
that they soon reach their objective m the muscle or its sheath It is presumed that 
in this case the penetration of the cell is an active process on the part of the parasite, 
endowed as it is with motility while the muscle or sheath cell is fixed 

We have, on more than one occasion, seen the proof of this imtial mvasion, as 
evidenced by the presence of one or two large parasites m cells of the muscle-sheath 
We have even seen two club-shaped forms occupymg such a situation As there is 
no evidence that the club-shaped bodies, while still returning their club-shaped 
form, undergo division nor that they exhibit any sexually differentiated forms we 
presmne that this represented the mvasion of one cell by two mdependent and similar 


Hanng gamed entrance to a cell of the muscle-sheath the club-shaped bodv 
rounds up mto comparatively large subovate bodies and the chromatm of the 

(PktTxS', “4? S manner 
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Tins IS tlie commencement of a process of multiplication Tins process does not 
appear to be one of true schizogony since the subdivision of each parasite does 
not proceed to the formation of more than a few daughter bodies It seems rather 
to be the result of precocious equal divisions of the nucleus while the cytoplasm 
lags in the process Each such dividing group eventually forms a limited number 
of smaller parasites and from the degree of mvasion of tlie muscles these would 
appeal to repeat the process Various stages in this process are shown in 
Plate XXXV, fig 21 

In certain cases all the parasites appear to be relatively uniform in sue and are 
chiefly unmucleated (Plate XXXIV, fig 18) In such cases it would appear that 
division had come to an end and the parasites liad assumed a resting phase 

That this IS probably the case is shown by the fact that no further extension 
of the infection to other tissues or organs of tlie adult tick has been noted and one 
has been forced to the conclusion that the mvasion of the muscles by the parasites 
and their multiplication m this situation constitute the end of development so long 
as the adult tick remains unfed The course of events when such an infected tick 
feeds will be described m the next Section 

At this point it may be convenient to recall the discussion at an earlier stage 
of the natuie and functions of the cells wliicli enclose tlie parasite in its earlier 
stages These cells were considered to be wandering phagoc}’tic cells The cells 
of the muscle-sheaths winch w c have now been considering must also be considered 
phagocytic inasmuch as they also, actively or passively, engulf the parasites The 
role played by the earlier wandering phagoc} tic cells and that played later by the 
fixed phagocytic cells of the muscle-sheaths would appear to suggest comparison 
w’lth the wandering and fixed cells of the leticulo-endotbelial system of vertebrates 
and it IS difficult to avoid the conclusion that, in actual fact, the function of these 
cells in the tick is actually analogous to the cells of the reticulo-endothelial system 
of vertebiates Dr AVigglcswmrth of the London School of Tropical Medicine, 
to whom the preparations of microscopical sections were showm, was of opimon 
that the phagocytosing cells were blood cells of the tick and it w ould appear that this 
strengthens the contention that their function may be aptly compared with that of 
wandering and fixed cells of a reticulo-endothclial s} stem 

(g) Appeamnees simvn by B cams aftei the adult, deheloped Jwm the infected 
nymph, has commenced its blood meal on a dog — The investigation of this part of 
the life-cycle of B cams has proved very arduous on account of technical difficulties 
The number of ticks which, as adults, remain infected out of any batch of nymphs 
fed on an infected dog, is comparatively very small This, added to the fact that, 
throughout this inquiry, the task of elucidatmg each point by the examination of 
sections of whole ticks in wffiich all the tissues and organs are left intact and in situ, 
wms voluntarily accepted has rendered necessary the study of a vast amount of 
material The result has been that, while the mam points of the total inquiry 
have been fully worked out, full information wnth respect to the stages mtervemng 
between the stage when the adult tick, heavily parasitized in its muscles, com- 
mences feeding and the stage where it passes on the infection by its bite to a new 
dog host has not yet been acqmied 

VTien a tick is put on to a dog it does not at once start feeding but at first 
wanders about seeking a suitable place to attach itself Even when it becomes 
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attached it does not immediately commence to feed so that after the tick has been 
placed on its host it is probably usual for about two days to elapse before the tick 
commences its blood meal The actual repletion of the tick also takes a long time 
so that an adult tick may sometimes remam attached for as long as twelve days 
At the end of three days after attachment of the tick feedmg will defimtely have 
commenced and blood will be found in some of the gut diverticula It seems 
probable that the digestive process whether carried on by secretions or by digestive 
cellsj commences very soon after the tick is attached, at least in the form of a 
prelunmary mobihzation of cells or secretion or both, because the blood meal 
even at this early stage shows signs of active digestion and it is unusual to be able 
to recognize the mdividual red cells Rather the blood meal has the appearance 
of a pinkish amorphous mass m which the white cells, being more resistant, are 
distributed as more darkly stamed masses 

The condition will now be descnbed as met with in an infected adult tick three 
days after its attachment to a dog 

At this stage m the development of the tick the salivary glands constitute a 
large part of the total contents of the tick and extend on each side of the middle 
Ime from near the anterior to near the posterior end (Plate XXXIX, fig 25) 
Structurally they consist of a wide-lumened chitmized central duct on each side 
from which branch ofi subsidiary chitmized ducts which, again, branch into smaller 
ductules These ducts bear away the secretion from a very large number of simple 
acini consisting of a smgle layer of cells surrounding a lumen with their bases resting 
on a basement membiane In section the outlme of the acinus is more or less 
circular and the cells are large and shaped like low truncated pyramids In the 
cells are contained large masses of zymogen granules which stam pink with Giemsa’s 
stain and render the salivary glands striking objects under the microscope 

Among the ordmary salivary acim, are seen certain very large acmi which do 
not contain the characteristic zymogen granules These acim are probably those 
described by Christophers (1907) as ‘ poison acim ’ These acim tend to be larger 
in size than the ordinary secretmg acim and, while they presumably secrete some 
fluid product, this does not seem to have any easily visible precursor m the cells 
in the form of the zymogen granules which are such a striking feature m the ordinary 
salivary acmi 


In infected ticks either the poison or the salivary acmi may contain parasites 
and the appearances seen will be described separately 

The acmi usually found infected are the ordmary salivary acmi and it seems 
to be usual for these only to be infected In the cases where the poison acmi have 
been found infected — only two or three m a fairly large series — the ordmary sahvary 
acmi in the same ticks were free of infection Whether this is the general rule, 
1 e , that only one or the other kind of acinus is infected and never both m the same 
ticir IS not certam but such was the case m all the infected ticks examined 

nmolf mfected poison acmi as these, although 

111 tL first forms found m salivary gland mfections 

described an^ appearances seen m the ordmary salivary acmi will then be 
ciescrmeu and compared with the former 


A case where both hii)(Js of acini were infected has 

J. Mr 


subsequently been seen, 


6 
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Appearances seen m the poison acmi (Plate XXXVI, fig 26) —In infected 
ticks these acini may be enormously enlarged so as to extend to three tunes the 
diameter of the ordmary salivary acim They consist of a smgle layer of cells more 
or less like low truncated pyramids surrounding a comparatively large lumen 

These cells are found to be heavily parasitized with B cams and this parasitiza- 
tion IS so mtense m some cases that the whole acmus seems to be almost uniformly 
filled with the parasites and the lumen is almost completely occluded 

The parasites at this stage are charactenstic m appearance and differ from the 
forms previously described as resting m the muscles 

The mdividuals tend to be spherical or ovoid m shape and have a very large 
mass of chromatm which is situated eccentrically and sometimes occupies half the 
body of the parasite Active multiplication is in progress and this appears to be 
by a process of binary fission Where division is especially active the parasites are 
found clumped together in greater or lesser groups givmg a ‘ morula ’ or raspberry 
effect At this stage the Imuts of the gland cells are stall visible, although somewhat 
obscured, and the lumen of the acmus when present is either clear or filled with 
granular debris In other cases the lumen may be absent, the cells all meeting m 
the centre of the acmus As the cells of the acmus become congested with parasites 
there is piesumably rupture of then Avails mth the setting free of parasites mto the 
lumen Eventually the whole structure of the acinus may be almost completely 
leplaced by a mass of parasites but the nuclei of the acmar cells do not appear to 
be much affected and stam well up to a late stage m this process Eventually, 
hoAvever, they seem to fragment and stain less distmctly 

The cytoplasm of the ghnd cells consists of an amorphous coagulated granular 
debris There may be a fairly large and patent lumen m the acmus or the cells 
may converge towards the centre so as nearly to occlude it In the lumen, when 
present, there is often some amorphous debris which presumably represents the 
coagulated secretion of the acinus 

By the time this condition of mtense multiphcataon has been reached the 
mdmdiial parasites, m some areas packed closely agamst each other, are somewhat 
smaller m size than when tlie infection of the poison acmus was at an earher 
stage but they retain the same globular or ovoid form preAuoiisly described This 
appears to be the infective form as no further modification has been found even m 
i^ections at the latest stage examined and where the tacks have already actually 
infected dogs by their bite and, therefore must haA^e contamed the actual infective 
forms 

The condition wdl now be described Avliich is met with m an mfected adult tack 
mne days or more after its attachment to a dog 

The appearances shoAvn by the sahAmry gland in general have been dealt with 
in a previous Section and the conditions found when the infection A\uth B cams is 
confined to the poison acmi have been described In this Section, therefore, the 
appearances presented when the infection is present in the ordmary sahvary acini 
A^l be especially considered 

Appccn ancos seen in the oidinary salivary acini (Plate XXXnil, fig 43) — The 
general appearances shown by these acini m a normal tick have preAUOUsly been 
briefly described and need not be further detailed here In one and the same tick 
all degrees of infection maj^ be seen in diff^rept acim, from those in Tvhicli but a smgle 
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cell IS infected and that with only a few parasites, to those whose cellular structure 
IS almost completely replaced by a massive growth of parasites filling nearly all the 
available space within the limits of the basement membrane of the acinus (Plate 
SXXIX, fig 27a) In the intermediate condition between these extremes the 
acinus may show one or two cells heavily parasitized, while the remamder are normal 
or may contain only a few parasites (Plate XXXIX, fig 276) The normal cells 
of an infected acmus and those contaimng only a few parasites appear to be physio- 
logically active and produce zymogen granules (Plate XXXIX, fig 27c) but those 
cells which are heavily parasitized have their voliune completely occupied by 
parasites which renders impossible the production of the normal secretion The 
heavily infected acmi are defimtely mcreased m size but never reach the dimensions 
sometimes reached by infected ‘ poison ’ acini 

The parasites m infected cells show a tendency to be very closely crowded 
together, more so than in the case of the infected ‘ poison ’ acini, forming compact 
parasitic masses within the cytoplasm of the infected cell or completely replacing it 
The periphery of these parasitic masses is usually clear cut and regular in outline 
(Plate XXXIX, fig 27a and fig 27c), the increase in numbers of parasites 
showing no tendency to take the form of a break away from the parent mass 
This characteristic of solid masses of parasites with regular outhne is again more 
characteristic of the mvasion of the ordinary sabvary acim than of the poison acim 
where the growth tends to be less compact on the whole 

When the acim of the sabvary glands show the extreme degree of parasitization 
sometimes encountered one would expect to see the secretory ducts contaming large 
numbers of paiasites in process of expulsion towards the proboscis This, however, 
IS not the case and although a certain number of undoubted parasites may be seen 
in the ducts they are comparatively rare This is doubtless due to the fact that the 
tick may remain attached to the host for over 12 days and probably only feeds at 
intervals It seems hkely that the parasites are transferred to the dog host chiefly 
during the actual acts of feeding or possibly just previous to them and that only 
specimens removed at the appropriate time, which there is no means of knowing, 
would show parasites in numbers in the ducts 


In ticks which have remamed attached for 12 days or more to them host the 
salivary glands have a characteristic exhausted appearance The acim, instead 
of being lined with truncated pyramidal cells enclosing a small lumen, are now lined 
with comparatively flattened cells enclosing a large lumen and contaimng practically 
no zymogen granules (Plate XXXIX, fig 28) In infected ticks at this stage it is 
not unusual to find the majority of the acmi in this condition while a few mfected 
acim stul retain the rounded plump condition lined with truncated pyramidal cells 
contaming both parasites and zymogen granules 


In the ordmary salivary acim the final form' of the parasite appears, as in the 
case of the poison acim, to be globular or ovoid This is not always easy to determme 
n tiie case of the sohd parasitic masses but where mdividuals, or less closely aggre- 
ga ed groups, are seen a globular or ovoid form seems to predominate Exceptions 
rnf mostly due to parasites bemg distorted by compr^sion, 

nnrl m process of division In certain masses somewhat smaller 



904 Life-History and Morphology of Babesia cams in the Dog-TicJc 


{B) If ingested from, infected dog's blood by the adult stage of the dog-tich, 
E, sanguineus — It has abeady been stated that most of tbe observations m this 
study on tbe life-bistory of B cams in tbe dog-tick have been made on tbe sequence 
of events following tbe mgestion of infected dog’s blood by tbe nympbal stage of 
tbe tick In this Section, therefore, only those points wdl be considered which have 
come under actual observation as tbe result of feeding adult ticks on infected dog’s 
blood and no attempt will be made to follow up tbe complete sequence of events as 
was done in the case of ticks primarily mfecred as nymphs It is obvious that tbe 
sequence must be different, at least at some stages, smce m tbe case of tbe tick fed 
as a nymph tbe end product, on transformation of tbe nymph mto the adult, is an 
accumulation of parasites m the muscles and muscle-sheaths, while m the case of 
the tick fed as an adult the end product is an accumulation of parasites m the ova 
leadmg to persistence of infection in the nest generation of the ticks It should be 
mentioned here that, although both male and female adult ticks were fed by us, only 
the latter were systematically esatmned m connection with this mvestigation 

The appearances shown by B cams m the early stages of its development 
after mgestion by the adult tick have not been mvestigated The most detailed of 
recent accounts, that of Regendanz and Reichenow, mdicate that the early stages 
of development, once the parasites have left the lumen of the tick’s gut, occur m the 
cells of the gut wall Here a single mdividual multiplies by binary &sion to produce 
an immense number of small forms which are destmed to mfect the eggs of the 
tick for the transference of the infection to the next generation This development 
m the gut epithelium is certainly not found m the case of the nymphs of R sanguineus 
and the present observations in adults, so far as they go, have given no mdication 
of any such localization but, m the absence of any positive findings, one does not 
care to be dogmatic 

Dennis (loc cit ) m descnbmg the development of B hgemina m Margaropits 
annulatus does not describe any development in the gut epithelium of the adult 
tick but his description of the actual development of B bigemiva is short and 
difficult to follow and some of the diagrams depict stages to which the preparations 
used m tins study show no counterpart 

We may leave, therefore, the elucidation of the early stages of development 
m the adult and proceed to the description of findmgs m the stages during and 
after penetration of the ova by the forms of the parasite destmed to produce here- 
ditary infection in the next generation of ticks As soon as the adult tick commences 
feeding there is a rapid development of the ovaries These consist of a smgle-tubed 
organ arranged roughly m the form of a U- from the two antenor ends of winch there 
pass forward the oviducts With the continuation of the tick’s meal the ova nearest 
the mam duct rapidly enlarge and acqmre a chitmous covenng and this process 
contmues until the tick’s meal is completed after twelve days or more In such 
fully-fed ticks it is almost impossible to obtam really satisfactory sections of the 
whole tick This is due to the fact that the digested blood meals, taken over twelve 
days or more, have been reduced to a granulai amorphous dark-brown semt- 
crystallme looking material which is probably altered hremoglobm and which it 
has been found impossible satisfactorily to fix, no matter what fixative solution is 
used The reason for this is probably that the material contains no albummous 
or other matter capable of coagulation by any fixative This unfixed material, 
which occupies the largest part of the entue bulk of the tick, will not cut 
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satisfactorily and also interferes with the cutting of the other tissues which may be 
distributed around or between the diverticula of the gut In certain cases, however, 
when convemently situated, these tissues are satrsfactorily cut andean be studied 
The remarks made above with regard to the fixation and cutting of the blood meal 
must be understood to apply only to the digested meal Freshly ingested blood 
fixes, outs and stains qmte satisfactorily If the ovaries or other organs are removed 
from’ the ticks and mdependently fixed and cut they present no particular difficulties 
but, as previously stated, an endeavour was made wherever possible, to avoid this 
and to cut whole ticks m order to preserve mtact the relations of all the organs 
studied With very few exceptions— only in certain cases in the ovaries— all the 
observations have been made on such whole ticks 

If the ovaries are exammed m a section of an adult female tick when fuUy fed 
it will be found that the ova are present m all stages from mature ova covered with 
a chitmous covering to the smallest unmature ova It will be found that the contents 
of the younger ova are perfectly fixed but that those of the older ova with chitmous 
covering are less so and are fragmented into irregular masses In spite of this lack of 
proper fixation m the older chitm-covered ova it was often observed that parasites 
contained in these ova were qmte well preserved and could be satisfactorily studied 

The forms of parasites encountered when adult ticks were fed on infected dogs 
will now be described but, as the changes occurrmg m the infected adults have not 
been studied m the same detail as when the primary infection occurs in nymphs, 
one IS prepared to find that attempts to correlate the forms of B cams seen, as 
regards the order of their occurrence, may need revision as the result of more exact 
study If the accoimts given by Regendanz and Reichenow and by Dennis are 
correct the club-shaped forms to be described are the forms which migrate from the 
site of then preliminary development m the gut cells or elsewhere to the ovaries 
where they penetrate the ova From the fact that m the writer’s preparations 
these forms are sometimes found in mature ova while the smaller forms, developing 
from the ‘ clubs ’, are also found in immature ova it would appear either that the 
club-shaped forms are able to penetrate ova after they have received their chitmous 
covering or that, after penetration of a less mature ovum, they do not necessarily 
go on to develop mto the smaller forms, or at least exhibit a delay m doing so 


{a) Glub-shaped forms — These forms are the ones mentioned by Christophers 
who gives a description of then formation from rounded forms of parasite The 
method of then formation in the nymphal stage of the tick has abeady been described 
in this paper They have been met with inside mature ova lying closely under the 
chitmous covermg lu this situation it is probable that they are at 'first motile 
because they may be found either straight (Plate XXXVII, fig 29) or doubled 
upon themselves (Plate XXXVII, fig 30) Owmg to the comparatively large 
sue ot tlie club-shaped forms they are not always complete m a thm section and one 
of the tovrm lUustrated in Plate XXXVII, fig 29, is piobably either not a complete 
club or IS foxe-shoitened ^ 


(6) Fowls of irregular shape hut tending to be ovoid when units —These forms 
ary greatly m size and are to be found apparently both in the ova and m the 
0 ic es which contam the latter It seem^ probable that the pa^LS m the 
olhcles repr^ent forms which have failed for Le reason or anothHo pen“^^^^^^^ 
the ova and have contmued their development m the folhcle penetrate 
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1 Mononucleate or hinucleate large forms (Plate XXXVII, figs 31, 32 and 
33) — These forms are of various shapes and sizes and probably represent club- 
shaped forms which have lost their characteristic shape and in which division mto 
smaller forms has been imtiated 

2 Muliinuclmte large f aims — These forms also vary much in size and shape 
(Plate XXXVII, figs 31, 33 and 34-) and represent the multiphcation of the previous 
forms carried a stage further In callmg these forms multmucleate one does not 
mean to infer that they represent a condition of schizogony, although that is the 
appearance sometimes presented Rather one considers that the mStiphcation is 
by a process of binary fission in which the division of the cytoplasm sometimes lags 
behmd that of the nucleus 

3 Mononueleate small f 017 ns — These appear to represent the end stage of 
development in the ovum They are ovoid, contain one compact nucleus and are 
not more than one-third the diameter of the larger forms previously descnbed as 
occurring in the ova (Plate XXXVII, figs 35 and 36) These forms occur both 
in the ova and in follicles from which the latter have been discharged There 
appears to be a distinct tendency for these forms to be aggregated in the peripheral 
part of the ovimi, 1 c , lymg closely under the chitinous coatmg of the ovum but 
this IS not an invariable rule Occasionally two forms may be found lymg together 
m a cyst hlce space (Plate XXXVII, fig 37) 

At this stage one may draw attention to Plate XXXVII, figs 38 and 39, in 
which are depicted various forms of B cams met with m ordmary ‘ squash ’ 
preparations made by smearmg out a number of eggs between two slides It 
will be noticed that some of the forms are very irregular while others are 
evceptionally large This is due to the method of makmg the preparation and 
such results justify the attempt to use only material fixed m the tissues for our 
descriptions The irregularly ‘ spiked ’ forms are similar to those described by 
other authors and, m the writer’s opimon, aie probably largely artificial although 
some rather angular forms are also met with in sections (Plate XXXVII, figs 31 
and 33) The smear preparations would represent forms such as imght be met 
with if one tried to represent the shape of the contents of a bird’s egg from the 
shape they assumed after droppmg on the floor 

In describing the sequence of events wdien the nymphal stage of the tick fed on 
infected blood the description of the development of B cams m the nymph was 
carried up to its conclusion 111 that stage of the tick and then its further development 
w as followed up m the next stage, the adult To preserve the same principle one 
may now consider the appearances shown by the parasite m the laival forms of the 
tick which hatch out of the infected eggs 

Appearances shown by B cams ni larval ixchs hatched f 10 m infected ova — The 
forms found as a hereditary infection in larvie have only been studied here m so 
far as the appearances seen m unfed larvse hatched about seven days are concerned 
The method of makmg sections of large numbers of such larvae has been described 
m the Section on technique This method, by rendering possible the simultaneous 
examination of large numbers of larvai, enables one quicldy to decide whether a 
large or small proportion of the larvie is infected, as the entire larvae can be readily 
followed from section to section when these are mounted serially Such examina- 
tions have shown that when the parent tick is heavily infected a very large 
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proportion of the larvse hatched from its eggs are infected Actual counts have not 
been done to determme the percentage but m some cases at least fifty per cent or 
the larvffi show infection with B cams This does not, of course, imply that all these 
larv« are ifso facto capable of transnuttmg infection or even of handing « ™ 

the next nymphal stage, any more than that all nymphs fed on a heavily iniecteci 
dof^ and, therefore, necessarily mgesting large numbers of parasites, are capable 
of°developmg mto mfected adults— it is known that a comparatively small 
proportion do 

The final stage of B cams m the ovum has already been described as a small 
uninucleate form and m unfed larvae forms which correspond m every way with 
these are the only ones met with (Plate XXXVII, figs 40 and 41) This gives one 
reason to beheve that, as in the case of the infected adult, a migration of the restmg 
forms to the glands prehmmary to active transmission may only occur after the 
larva begms to feed This is takmg it for granted that the larva transmits the 
disease by its bite as m the case of the adult There is one theoretical objection 
to this assumption, vis , that the larvae only remam attached for three to five days 
which gives a very short tune for migration of parasites to the salivary glands and 
their multiphcation there to produce infective forms, compared with the 12 or more 
days which the adult remains attached As will be seen in a later Section the 
writer has succeeded m infecting dogs by puttmg on them infected larvae but this 
does not whoUy elumnate the possibility of contammative infection of the dog 
via the ahmentary tract if such a method is possible, a point we have not yet tested 
In sections of larvae which have recently hatched from eggs and not yet fed it 
will be found that the body of the larvae still contams considerable quantities of 
undifferentiated material which is taken to be the still unutilized yolk carried over 
from the ovum stage This condition persists for at least a week and it is in this 
residual yolk that the forms of B cams found in the larva occur These forms are 
small umnucleated spherical or ovoid bodies mdistmgmshable from the small 
uninucleate bodies described as the final stage of B cams in the ovum They are 
fairly uniform in sue and are always found in groups sometimes of considerable 
size numbering well over a hundred mdmduals (Plate XXXYII, figs 40 and 41) 
Their further development and history have not been investigated except in so 
far as that the infectivity of the larvse has been demonstrated 

(C) If ingested from infected dog’s blood by the larval stage of the dog-tich, 
P sanguineus — Owing to lack of tune the sequence of events following the 
ingestion of infected dog’s blood by larval ticks has been onlv tentatively investi- 
gated from the point of view of the morphology of the parasite and one does not 
feel sufficiently certam of the few observations made to record them The ex- 
perimental evidence obtained that these larval ticks become infected by feedmg 
and infective in the next stage has already been noted and will be mentioned in 
tJie oection dealing with the life-cycle of the parasite 


yi Ln'E-CYCLE OT B OANIS IN M SANGUINEUS 

The various stages m tlie Me-cyole of B cams in R sanguineus have been deaft 
V'rtli serial™ but ueoessaii y somewhat disjomtediy m the feeriptions given in See‘ 
tions above but for the sake of clarity, these part descriptions may nol be biouuht 
together and welded into a whole as coherent as the missing portions will allow ^ 
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It will have been evident from, the Sections preceding this that only in the 
cases of ticks fed as nymphs has the life-history of B cams, with the exception of 
the earliest stages, been completely worked out and it is only the life-cycle, as 
elucidated when it originated in the nymphal stage, which it is proposed to set 
forth here The fragmentary information relating to events when the adult or 
larval ticks are the stage infected from the dog may be sought in the relative 
sections, the information being too meagre to weld into a life-cycle 

Another point which should be mentioned here is that the time-periods 
mentioned for different stages, both of the parasite and of the tick, as also for the 
feeding and attachment tunes of the latter are those holdmg in the cool chmate of 
Kasauli The periods would be considerably and, in some cases greatly, dimimshed 
in a warm climate such as that of Madras 

Tjife-cycle of B cams m R sanguineus wJmi the nymphal stage of the latter svcls 
the blood of an infected dog — Christophers, Koch, Regendanz and Reich enow, Dennis 
and others have described the earliest forms met \vith in the gut of the tick when fed 
upon various species of Babesia and the papers quoted in the list of references may be 
consulted for their descriptions In the present study, which has been, almost 
entirely, a study of whole ticks fixed and cut, no evidence of any stages such as the 
typical ‘ club ’ forms found at a later stage, but which some workers describe as 
occurring in the gut, has been come across in the early stages of mfection Neither 
has any evidence of the coalescence of sexually differentiated parasites been 
obtained In freshly ingested blood forms, unaltered in appearance from those 
seen in blood films, may be seen, sometimes still enclosed m blood corpuscles, but 
more often lying free in either case there is evidently a great destruction of parasites 
in the gut of the tick and the survivors, compared with the numbers in the ingested 
blood, are comparatively few These free parasites are sometimes found clumped 
into groups, whether fortuitously or otherwise cannot be stated IVliatever the 
course of events may be in the lumen of the gut of the tick the first definite and 
unequivocal evidences of development of the parasites noted in the writer’s sections 
of nymphs were in nymphs four or five days after they had completed their blood 
meal on an infected dog and dropped oft the host 

At this stage B cams occurs as a globular body with a single small nucleus 
and it IS found m a large phagocytic cell usually situated closely under what has 
been called the epidermal layer of cells seen at this stage lying under the outer 
chitinous covering In the absence of any evidence as to whether this stage is the 
residt of the union of sexually differentiated parasites, or othervnse, it is difiicult 
to give it a name and we may, therefore, tentatively call it the ‘ pseudo-zygote ’ 

The nucleus of the pseudo-zygote becomes more bulk}’’ and divides into two 
Each nucleus re-divides until eventually the parasitic bodv, now greatly increased 
in size, becomes multinucleate, some of the nuclei apparently being connected 
together by threads of chromatm Two such parasites may not infrequently be 
found in one cell, and they ma^ be at different stages in the process of development 
to be described 

When the subdivision of the chromatin has residted in a large number of nuclei 
the cytoplasm of the pseudo-zygote condenses aroimd each small mass of chromatin 
to form a globular or ovoid bodv and this results m the complete transformation of 
the pseudo-zygote into a clump of such bodies contained within the envelope of 
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the parasitized phagocytic ceU The whole structure so formed and including the 
contaimng cell strongly resembles a cyst and may, for convenience, be referred to 
as the ‘ pseudocyst ’ These pseudocysts are sometimes sufaciently numerous 
themselves to form small groups of three or four usually lymg closely under the 
epidermal layer previously referred to About seven days after the nymphal stage 
of the tick has left its host the pseudocysts are fully developed and one may contain 
as many as two hundred mdividual parasites These parasites may, for convemence 
of description, be termed primary sporoblasts, having arisen by division from the 
pseudo-zygote The next development in the life-history, about eight to ten days 
after the nymph has left its host, is the development of each of the primary sporo- 
blasts mto a club-shaped body This is imtiated by the appeaiance of an achro- 
matic line across the parasite which, if Christophers’ description is correct, partially 
divides the parasite into larger and smaller portions, the smaller and narrower part 
swinging roimd to form a club-shaped body These hues may be seen present in 
practically every parasite m the pseudocyst if examined at the correct stage When 
the development of the primary sporoblasts mto ‘ clubs ’ is completed the latter 
may stdl be contamed within the pseudocyst This stage is reached eleven to 
fifteen days after the nymph has left its host 

This development is a provision for eventual migration of the parasite from 
the pseudocyst and this migration now takes place The hne of migration will 
evidently vary with the location of the pseudocyst and the club-shaped bodies have 
been met with as mdividuals m difi^erent tissues but there obiective appears to be 
defimte, viz, the muscles and muscle-sheaths 

This invasion of the muscles is first evidenced by the finding of occasional 
club-shaped forms or the latter, somewhat rounded up, in cells of the muscle-sheaths 
which they appear to have recently penetrated On occasion two such bodies 
have been noted in a single cell of a muscle-sheath The clubs, having reached 
the site of election in the muscles or muscle-sheaths round up and commence to 
divide and the mdividuals so formed may be termed the secondary sporoblasts 
The result of the division depends to a large extent on the situation of the invading 
forms If m a ceU of the muscle-sheath they may form a large number of parasites 
which form a bulge on the external surface of the muscle or they may spread more 
thinly over its surface If the origmal migrants get between the muscle-fibres thev 
may multiply either in sheets or m long hues along the planes between the muscle- 
fibres In either case the parasites, originally relatively large tend, in the process 
of division, to become smaUer This process appears finaUy to reach a static condi- 
tion but, before the tune this stage is reached, the nymph has changed into an adult 
the period that has elapsed smee the feed of the nymph bemg about 20 days or more* 
In the adult, once the repeated division of the parasites is completed, no further 
change appears to take place and the condition of infiltration of the muscles with 
parasites which have been caUed the secondary sporoblasts remams until the tick 
begins to feed It should be pointed out here that, although this invasion of muscles 
may be foimd m any situation where muscle exists, it is not usual for aU the muscles 
to be afiected IJsuaUy some groups only are infected, and sometimes onlv those 
of one side may be parasiteed The infection, so far as observations to date eo 
appears to be confined to the muscles of the body proper ^ ’ 

Tim adult tick, m the ordmary course of events, now commences to 
og This act appears to imtiate a migration of the parasites located in the muscli 
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towards the salivary glands of the tick What the stimulus is which causes this 
migration is not known but, from the wide dispersal of the parasites m the muscular 
tissues, it is presumed it must m some way be conveyed in the circulatmg tissue- 
flmds The meohamsm by which the parasites transfer themselves from the 
muscles to the salivary glands is also not known as they have not been observed 
in the process of migration The process, however, must be an active migration by 
motde forms since the parasites are found m the interior of muscles and muscle- 
sheaths and, argumg by analogy from the motile forms m eailier stages of the life- 
history, it is reasonable to suppose that these wdl lesemble the club-shaped forms 
which served a similar purpose earlier in the life-history In the absence, however, 
of direct observation of such forms it is necessary to postulate the alternative 
possibibty that the migration may be accomplished by amoeboid movement of 
the muscle forms, although this seems less likely The fact that Cowdry and Ham 
{loG cit ) have recorded the fincbng of club-shaped forms m the salivary glands would 
appear to mdicate the former hypothesis as the more probable 

However the migration is accomplished, withm two or three days of the tick 
beco min g attached the salivarj'- glands have already a well-established infection so 
that the process of invasion must be a rapid one The secondary sporoblasts on 
reaching the ordinary, or possibly the poison, acim of the sahvar}’- glands imme'fiately 
initiate a process of mtensely active multiplication resultmg m the packing of the 
infected cells, and sometimes of the whole acinus, with a mass of smaller roimded or 
polyhedral forms which at last may be so closely applied to one another as only to 
be recognizable as individuals by the single darkly-staining nucleus mcluded m each 
These final forms are the infective sporozoites In such heavily infected acmi the 
structure of the secreting cells is destroyed and the parasites invade the lumen of 
the acinus, are carried along the salivary ducts and injected into the tissues of the 
mammalian host during the feeding acts of the tick as long as the latter is attached 
to the host This completes the life-cycle of B coins m its arthropod host B sangui- 
neus when infective blood is ingested by the nymphal stage of the latter 

Methods of infection of dogs by infective liels — To round up the description of 
the life-history of B cams m B sanguineus a short account may here be given of the 
different methods in which infection mav be conveyed to the dog These methods 
come under two heads which vill be considered below — 

Heeeditauy infection — In this case the form of the tick to acquire the 
infection is always the adult The infection persists through the egg stage and is 
transmitted by the larva or nymph or both It is believed that, until demonstrated 
in the course of this mquiry, infection through the larval stage had not previously 
been proved The infection is definitely by bite m the case of the nymph and 
probably so m that of the larva 

Stage to stage infection — The probability of this was envisaged by Christo- 
phers but has been defimtely proved experimentally m the course of this mquiry 
By stage to stage infection is meant the fact that whatever stage of the tick acquires 
the infection the succeeding stage is capable of transmitting it Thus, if the adult 
acqmres the infection by feeding on an infected dog the larva can transmit it to a 
healthy dog , if the larva acquires the infection the nymph can transmit it and if 
the nymph acquires the infection the adult can transmit it All these combinations 
have been experimentally proved in the present investigation 
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CYTOLOGY OF THE DIFFERENT STAGES IN THE LIFE-CYCLE 
OF B. CANIS IN R. SANGUINEUS. 

These stages will, for convenience, be taken in the order in which tl^y have 
alreadv been dealt with and a short description of each be given where differences 
in detail warrant a special description The descriptions given are from the 
appearances seen in sections fixed in Bles’ solution and stained with iron 
hematoxylin 


Cytology of the forms of B cams seen the nymph of R sanguineus 
fom 01 fve days after it has completed its meal and 
dropped off the infected dog 

These forms consist of the earty stage of B cams before it has divided up to 
form primary sporoblasts They are contained m the wandermg phagocytic cells 
already alluded to 

Shape —The shape of the parasite at this stage tends to be spherical at first 
and with a regular contour, as is seen in the smallest forms depicted (Plate XXXII, 
fig 3) As the parasite grows in size the spherical form may be modified mto various 
ovoid forms due to adjustment of the contour to neighbouring structures This 
13 especially evident where two or more forms are present m one cell (Plate XXXII, 
fig 6) Such forms retam then regular contour, by which is nnplied the fact that 
there are no sharp angles in the contour 

Size — The smallest forms encountered at this stage measured 3 5/jl in diameter 
Much larger forma may be encountered in which the fragmentation of the chromatin 
is well advanced but which do not as yet show aggregation of the cytoplasm to form 
primary sporoblasts Such forms may measure Qa in their longest diameter 
(PJate XXXII, fig 4) 

Cytoplasm — The cytoplasm of these forms has a uniform finely granular 
appearance resemblmg ground-glass and a general freedom from cytoplasmic 
inclusions other than nuclear chromatm There is also usually an absence of any 
vacuolation The cjdoplasnuc body appears to be surroimded by a distinct cell 
membrane but there is no evidence of division of the cytoplasm into zones of ecto- 
plasm and endoplasm 

Nucleus — In the earliest stage the nucleus is a smgle spherical dot of chromatin 
(Plate XXXII, fig 3) sometimes surrounded by a slight halo simulating rarefaction 
of the cytoplasm The appearances shown by the nucleus in the further evolution 
of this stage of the parasite will be most convemently described under ‘ division ’ 
in the next Section 


Division —The initial division of the earliest form of the parasite at this stage 

(Plate XXXII, fig 3) The elongated nucleus is surrounded by an elongated halo 

( 911 ) 
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in the cytoplasm The process appears to be a simple amitotic division We are not 
certam whether the process just described leads to the division of the parasite into 
two mdmduals or, as appears more lilcely, is the first stage m the fragmentation 
of the chromatin to be now described This process consists in repeated division 
of the chromatin into larger or smaller masses until it is widely distributed in the 
cytoplasm (Plate XXXII, figs 4, 6 and 6) These masses sometimes appear to be 
connected together by threads of chromatm but this appearance is less evident 
than it IS m the case of smear preparations where the long threads of chromatin 
are, partly at least, artefacts This process of fragmentation of the chromatin is 
accompamed by a great mcrease in the general bulk of the parasite as will be seen 
by comparmg Plate XXXII, figs 3 to 6, all of which are drawn to the same scale 
This stage is followed by an evemng up of the size of the fragments of chromatin 
accompanied by a gradual condensation of cytoplasm round each mass to form 
the primary sporoblasts This stage is depicted m Plate XXXII, fig 7, which 
shows commencing condensation of the cytoplasm 

Fffecl on parasitized cell — Apart from the actual mechamcal occupation of 
its cytoplasm the parasitized cell does not appear to be greatly affected, as evidence 
of which its nucleus stains normally In certam cases, however, the cjdioplasm is 
seen to be closely packed with globules, somewhat resembling secretory globules 
These globules vary in size in different cells but are usually of approximately the 
same size in any one coll (Plate XXXII, figs 4, 6 and 6) Their nature is not 
known 


Cyloloqy of the forms of B cams seen in the nymph of R sanguineus 
about seven days after it has completed its meal and 
dropped off the infected dog 

This IS typically the stage of pseudocysts contaimng the primary sporoblasts 
The pseudocysts as a whole have already been described in a previous section and 
may be dismissed with the observation that they vary greatly m shape, for reasons 
already given, and in size They may vary from M/z to 35/j. in greatest diameter 
and their si/e does not necessarily bear any relation to the state of development 
reached by the contained primary sporoblasts The latter may be considered 
under two stages of development, (a) prunary sporoblasts and (b) pre-club forms 


(fl) Primal y sporoblasts 

Shape — Each primary sporoblast is a spherical or ovoid body mth regular 
contour Wiien closely applied to one another the contour may be somewhat less 
regular but is never angular 

Size — The size of the primary sporoblasts vanes from 1 7fi to 3 3yx in the 
longest diameter but it is usual for all the mdmduals m any single pseudocyst to be 
approximately the same size On the other hand the primary sporoblasts in 
contiguous pseudocysts may vary considerably in size 

Cytoplasm — The cytoplasm has throughout a uniform ground-glass appearance 
and 13 free from inclusions other than the nucleus No vacuoles are present 
(Surrounding the cytoplasm there is a delicate cell membrane 
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Nucleus —The nucleus tends to he a single small compact mass of chromatin 
in the maiority of the forms and is too small to enable any structural details to be 
distinguished In certam cases, m place of the small coi^act mass the nucleus 
may be lengthened out or be somewhat irregular m shape (Plate Aa-XJI, ng »; 
This might be mterpreted as a stage m division but we are not satished that it 
IS so as we are not qmte sure whether there is ever actual diinsion of the primary 
sporoblasts m the pseudocysts once there has appeared the condensation of 
plasm round the fragmented chromatm as described m an earher section Were 
such division in the primary sporoblasts common there should be more evidence 
of it in tlie uiunerous pseudocysts which, are sometimes to be seen in the nymph 

Division — This question has been dealt with in considering the nucleus 

Effect on cell —In all cases the cell contaimng the primary sporoblasts, and 
for min g the wall of the pseudocyst, is distended by their presence and its own 
cytoplasm is, for all practical purposes, replaced bv the primary sporoblasts Its 
nucleus is always pushed to the periphery of the pseudocyst but its actual appearance 
with respect to the latter wdl depend on the orientation It may be centrally 
placed or quite peripheral or it may be completely masked All these forms are to 
be seen m Plate XXXIII, fig 10 


(6) Pre-clvb forms 

Shape— The general shape of these forms is that of an ovoid with tags or 
excrescences varymg in shape with the stage of development reached by the mdivi- 
Jual form The general contour is regular but is mterrupted by a loss of contmmty 
at one or more pomts where the achromatic hues to be described under ‘ cytoplasm ’ 
cut the periphery of the parasite In some cases tags, appearing hke sections cut 
off the ovoid, are lying m juxtaposition to the main portion of the parasite and 
separated from il by the achromatic Ime In other cases the achromatic line does 
not reach the periphery at one end and then the mam portion of the parasite appears 
to have a short, stout re-curved tad 


Sire — The sue of the pre-club forms is fairly uniform varymg between 
2 5 and i[j. m the longest diameter 

Cytoplasm — The cytoplasm has a imiform ground-glass appearance somewhat 
rougher in effect than that of the primary sporoblasts and stains well There are 
no cytoplasmic mclusions or vacuoles but, traversmg it m a direction usually such 
as to cut off a section of the parasite, is an achromatic Ime The line does not 
actually cut off a section as it often appears to do, this effect bemg produced by the 
orientation of the parasite and the way m which the section has passed through it 
In the larpr of the two parts mto which the parasite is divided by the achromatic 
line hes the nucleus Surroundmg it there is a distinct halo of apparently rarefied 
cytoplasm The effect produced is that often seen m the nucleus of the fullv 
developed club-shaped forms to be next described 

nucleus is a single sharply-defined and compact body sunounded 
by the halo previoi^ y described It is too smaU for any details of iXnal 
structure to be readily made out imernai 

deve£prent~®° t“kes place at this stage of 
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Effect 011 cell — The effect on the containing cell described, in connection with 
the pseudooysts holds here but in an exaggerated degree 


Cytology of the forms of B cams seen in the nymph of R sanguineus 
eleven to fifteen days of to it has completed its meal and 
dropped off the infected dog 

About this stage in the life of the tick two stages in the cycle of development 
of B cams may be seen Those are (a) The culmination of the development of 
the pscudocysts resulting in the formation of club-shaped bodies (b) The migra- 
tion of the club-shaped bodies to the muscles and muscle-sheaths and their develop- 
ment there into secondary sporoblasts 

(a) Club-shaped bodies in the pseudocysts (Plate XXXIV, fig 13) 

Sha]ic — The name given to these bodies indicates roughlv their shape They 
have a generally fisli-shaped body, one extremit}’' being more bluntly pointed than 
the other Some of the bodies show a slight constriction in their middle which 
IS an indication of their method of development as described by Christophers 
(1907) These are the forms as first developed from the pre-existmg pnmary 
sporoblasts Their greatest breadth bears a proportion of 1 5 to their length At 
a later stage of development the club-shaped bodies are more elongated There 
is often an mdistmct cup-shaped organ at the extremity of the broad end of 
the club 

Si^e — The length of the club-shaped bodies in the pseudocysts varies The 
average length and breadth, as measured from the bodies in one pseudocyst, was 
8 9/1 by 2/1 but the measurement is greatl)’' affected by optical foreshortening in 
many cases where the bodies are lying in many differently inchned planes and much 
longer free forms may frequently be seen 

Cytoplasm — The cytoplasm has the same ground-glass appearance described 
for preceding forms There are no cytoplasimc mchisions but m some cases vacuole- 
Iike rarefactions may be seen in the cytoplasm Aroimd the nucleus, wluch is 
situated about the junction of tlie anterioi third with the posterior two-thirds of the 
parasite, is a very distinct rarefaction of the cjrtoplasm forming a Avell-marked halo 
round the chromatin In many cases there appears to be a distinct membiane 
bounding the halo in which case the whole structure — halo containing the chroma- 
tin dot — would appear to constitute the nucleus The cytoplasm is often densei 
in appearance from a point half-way between the nucleus and the broad end of the 
club up to the narrow end 

One other structure often to be seen is a linear rarefaction of cytoplasm formmg 
a pale transverse band across the parasite behind the area occupied by the nucleus 
This may be a remnant of the achromatic lines seen in the pre-club forms 

Nucleus — The nucleus is a well-marked body consisting of a central compact 
more or less spherical mass of chromatin in which no further stiucture can be made 
out and surrounded by a pale area which appears to be itself bounded peripherally 
by a nuclear membrane This appearance is more or less constant m fully 
developed cluli-shaped bodies and we presume the whole structure to represent the 
nucleus, of which the chromatm is concentrated m a central mass 
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Division —'^o far as has been observed no division of club-shaped bodies, as 
such, occurs 

Effect on cell —The club-shaped bodies m the pseudocysts represent the culmina- 
tion of development of the latter and the contaimng ceUis a mere envelope for the 
pseudocyst It is often impossible to distmgmsh either cytoplasm or nucleus of 

the contaimng cell 


(6) Secondary spot oblasts 

The club-shaped bodies in the mature pseudocyst rupture the latter and 
migrate to the muscles where they enter the muscle substance, lymg between the 
fibres, or mvade the cells of the muscle-sheath In either situation they round 
up, or at least lose their typical club-shaped form, and proceed to divide The 
results of their division are the secondary sporoblasts 

Shape The typical shape of the secondary sporoblast is ovoid and, when 

contained m the cells of the muscle-sheaths it tends to retain that shape When, 
however, it is situated m the substance of the muscle the pressure of the surrounding 
muscle-fibres tends to mate it somewhat elongate and, when several are arranged 
in a line, they may become even cubical m shape due to squaring of their contiguous 
ends (Plate XXXV, fig 21) When the process of division is complete the final 
shape of the secondary sporoblasts is an ovoid or slightly elongate form 
(Plate XXXIV, figs 17 and 18) 

Size — The secondary sporoblasts vary very greatly in size, tending to be 
larger in then earlier stages when they first reach the muscle and commence to 
divide and becoming smallei as the result of continued division All variations in 
size may be found between extremes of 0 8fi and 3 By. 

Cytoplasm — The cytoplasm does not differ essentially from that of the primary 
sporoblasts and the description given m connection with the latter will suffice 

Nucleus — The nucleus is a smgle compact mass of chromatm with no distmct 
halo round it as in the case of its predecessor in the club-shaped body It is usual, 
however, until division is complete, to find many, if not the majority, of the 
secondary sporoblasts displaymg two or more aggregations of chromatin, the result 
of rapid division No mternal structure in the nucleus can be made out 


Division — At the stage we are considermg division is very active and smgle, 
binucleate and quadrmucleate, forms may be seen These multmucleate forms 
almost give one the impression that a process of schizogony is in progress but this 
is probably incorrect The method of division is apparently a simple binary fission 
The nucleus elongates and divides into two It should, however, be mentioned 
that occasional pictures are seen closely resembling mitosis and a few such for ms are 
illustrated m Plate XXXV , fig 20 I^atever the process may be, the division of the 
cytoplasm lags behmd that of the nuclei with the production of the multmucleate 
parasites resembling schizogony forms Eventually the cytoplasm condenses round 
new nuclei to form daughter secondaiy sporoblasts which appear to grow and 
themselves repeat the process of division When the process of division is completed 
the final secondary sporoblasts are comparatively smaU ovoid or elongate bodies 
measuring about 1 2^ m their longest diameter (Plate XXXIV, figs 17 and 18) 

tho The parasites occupying ceUs of the muscle-sheaths bulge out 

the latter in such a way as to form protuberances from the general regular cratour 
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of the muscle The parasitized cells, however, do not seem to he physiologically 
adversely affected as it is seen that the nuclei stain perfectly 

The parasites lying within the muscular structure (Plate XXXIV, fig 16, and 
Plate XXXV, figs 21 and 22) do not appear actually to be lying in cells but rather 
in a space formed by the separation of the muscular fibres due to their presence 
Whether this is actually so or whether there are intramuscular prolongations of the 
external sheath around muscular fasiculi is not certain If such prolongations 
exist it IS possible that it is in the cells of these prolongations that the parasites he 

Cytology of the forms of B cams seen in the newly-hatched adult twenty to 
twenty-one days after the nymph of R sangumeus has completed 
its meal and dropped off the infected dog 

The forms seen at tins stage are identical with those described in the last 
section, I e , pen- or mtramuscular forms, and need no further mention 

Cytology of the forms of B cams seen in the adult R sangumeus, 
developed from an infected nymph, after the adult has 
commenced its blood meal on a dog 

This resolves itself into a description of the forms of B cants found m the 
salivary glands of the adult As described in a previous section the parasites are 
only found in the glands after the commencement of feeding They may be present 
m Wo situations — 

(а) In the salivary acmi proper 

(б) In the poison acim 

(«) In the salivary acini proper — The parasites m tlie salivary glands, bemg 
the results of division of the secondary sporoblasts, may be termed sporozoites and 
are the form leading to the infection of a new host when the tick feeds 

Shape — The typical shape of the sporozoites in the sahvary acini is globular 
or ovoid This is best seen at the periphery of a group, the outer parasites not 
bemg subject to the distorting pressure exercised on those more centrally placed 
The shape of the parasites found m the salivary ducts, and therefore presumably 
the actual and final infective form, is somewhat less regular and it often takes 
the form of a small oval body with a centrally placed nucleus More or less elongated 
forms or other irregularities m shape may also be seen 

gize — The size of the sporozoites is comparatively uniform, not only m the 
same acinus but throughout the infected gland The average diameter is about 
1 The form finally produced by repeated divisions may be somewhat smaller 
as may some of the forms seen in the sahvary ducts 

Cytoplasm — ^The cytoplasm has the same ground-glass appearance previously 
described for the primary sporoblasts and shows a similar absence of inclusions or 
vacuoles 

liucleus — The nucleus of the mature sporozoites is a small compact mass of 
chromatin centrally placed. This mass is too smaU to allow" of the differentiation 
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of auy mternal structure but careful focusing will sometimes reveal a sbgbt rarefac- 
tion m tbe cytoplasm surrounding tbe chromatm mass It is possible, therefore, 
as m tbe case of tbe club-sbaped bodies and tbeir immediate precursors, that tbis 
apparent rarefaction also forms part of tbe nuclear body, tbe central mass consti- 
tutmg tbe entire cbromatin content 

Tbe nuclei of tbe parasites m wbicb tbe process of contmued division is not 
yet complete are mucb more bulky, at least as regards tbe cbromatin mass, and tbe 
latter is also more irregular in shape in accordance with its state of activity at tbe 
time of fixation 

Division — Division m tbe sporozoites is by a process of simple bmary fission 
Tbe compact nucleus elongates and divides mto two There is often a lag in tbe 
division of tbe cytoplasm but this is not so marked a feature as in the case of division 
of tbe secondary sporoblasts Tbe result of repeated division of tbe sporozoites 
IS to produce finally a slightly smaller globular or possibly oval or somewhat elongate 
end form with a smgle small centrally placed mass of chromatm which is tbe infective 
form 

Effect on cell —Tbe mvasion of tbe cells of a sabvary acmus by tbe parasites 
produces very bttle apparent deleterious effect on tbe secretmg cells m the earber 
stages of tbe mvasion This is evidenced by tbe normal appearance of tbe nuclei 
and cytoplasm of tbe cells In tbe later stages, when tbe parasites by continued 
multipbcation have almost entirely replaced tbe cytoplasm of the secretmg cells, 
what remams of tbe latter becomes vacuolated and functionless Tbe nuclei of tbe 
secretmg cells at this stage are also often completely dismtegrated and tbe chromatm 
instead of bemg in smaU sharply-defined discrete masses takes on a diffuse though 
' deep stain givmg tbe appearance of a dense amorphous mass of chromatm Such 
acim eventually become mere contaimng bags for immense masses of sporozoites 
and entirely functionless as regards production of tbe sabvary secretion Tbe 
same acmus often shows normal fuUy functiomng cells as well as cells completely 
occupied by parasites 


(6) In the poison acini (Plate XXXVI, fig 26) 

Tbe description of tbe forms found m tbe sabvary acini as well as of tbe 
effects produced by them on tbe contaimng cells may be applied to tbe forms 
found in tbe poison acim with certain modifications which will be mentioned Tbe 
forms seen m tbe poison acmi tend to have a mucb larger eccentrically placed 
cbromatin mass This is probably due to tbe fact that tbe infections of poison 
acini seen were m a comparatively early stage of tbe mvasion while multiplication 
of tbe parasites was stiff very active Tbe illustration (Plate XXXVI, fig 26) 
shows bow tbe active division of parasites results m groups resembbng morulas 
ihc coahtion of these finally leads to a close aggregation of tbe parasites which 
may eventually practically fill tbe entire poison acinus Tbe final stage reached 
m tue salivary acim, viz , of small globular or ovoid sporozoites each with a smgle 
mail nucleus has not been seen m a poison acmus but this may have been due to 
of infection m tbe specunens exammed Tbe cytoplasm of tbe 
tends' darkly with iron biematoxybn but, on dSferentiation, 
the ortoaty vacuobtiou, a charactenstic abseat m the forms m 
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Cytology of the foims of B cams found in the ovanes of R sanguineus 

or in the ova themselves 

(a) Club-shaped forms (Plate XXXVII, figs 29 and 30) 

Shape — This has already been dealt with in the section describing the culmina- 
tion of development in the pseudocysts the only difference being that the club- 
shaped bodies in the ova or ovaries are possibly longer on an average 

Size — This varies possibly more with the state of contraction of these motile 
bodies than from any other cause Porms as long as 13/a when measured m a 
straight hne have been encountered, the proportion of length to breadth in these 
forms being 13 19 

Cytoplasm — This does not differ from the description of that in club-shaped 
forms previously dealt with The halo round the nucleus and the transverse 
rarefaction of cytoplasm behind the nucleus are often marked features 

Nucleus — The chromatin of the nucleus may be of the compact spherical form 
described in a previous Section dealing with club-shaped forms or it may be elongate 
or otherwise irregular, mdicatmg the commencement of the series of divisions leadmg 
to the forms to be next described 

Division — Division of the nucleus seems to be initiated by a protrusion from 
the side of the spherical mass of cliromatm This protrusion, as it develops, leads 
to the general lengthemng out of the chromatin mto a band m a direction transverse 
or slightly diagonal to the long axis of the club-shaped body This is accompanied 
by a shortening and rounding of the body which becomes buUcy, losing its typical 
club-shaped form Division of the cytoplasm may now result or the chromatin 
may divide into two and the two daughter nuclei again imtiate division while the 
cytoplasm lags in its response 

Effect on cell — The presence of the club-shaped bodies m the ova has no effect 
on the latter apart from their mere mechamcal presence as foreign bodies 


(6) Forms of inegulai shape but tending to be ovoid when units 

Shape — ^When the parasites are seen as umts the shape is usually an ovoid 
(Plate 2^XVII, figs 36 and 36) The outline m such forms is regular When 
division is m progress the shape of the parasites varies withm wide limits and may 
be ovoid, elongate, angular or show other irregularities m outline (Plate XXXVII, 
figs 31, 32, 33 and 34) 

Size — The size varies greatly but, here again, the variations are largely 
dependent on phases of divusion and the restmg units are more uniform in dimen- 
sions The latter forms vary between 1 4/t and 2/t m their longest diameters 

Some of the largest forms seen were m empty and shrunken egg foUicles from 
which the ova had been discharged Such forms nught measure as much as 6 6/a 
m then longest diameter (Plate XXXIDI, fig 32) 

Cytoplasm — The cytoplasm was ground-glass like and usually uniform m the 
smaUei forms Some of the larger forms occasionally showed signs of commencmg 
vacuolation of the cytoplasm and also rarefactiou around the nuclei producing a 
faint halo effect 








Plate XXXII 




Figs 3, 4, 6, 0 and 7 Early developmental stages leading up to the formation of pseudocysts 
,, 8 and 9 Developed pseudooysts under the epidermal layer 




Plate XXXIII, 
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Fig. 10 Same as Plate XXXII, figs 8 and 9 
„ 11 Pseudocvst showing an early de\ elopmental form in the same cell 

t, 12 Pseudocyst contaimng pre club forms Note the achromatic hues 



Plate XXXIV 



Fig 13 Fully dovelopod pseudocyst contaimng'^olubs 

Figs 14, 15, 1C, 17 and 18 Secondary sporoblasta in the muscles or muscle sbeatbs of nymphal 

ticks 
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Plate XXXVII 



Figs 29 and 30 Club shaped bodies from infected ova 

(, 31, 32, 33, 34, 35, 36, 37, 38 and 39 Vanons forms of B cams as found in mfected 

ova or ovarian follicles 

„ 40 and 41 Forms of B cams found m larva> hatched from mfected ova 
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Nucleus — The nucleus of the small umts is a compact rounded mass of 
chromatin too small to show any mternal structure That of dividing forms is 
often very bulky (Plate XXXVII, figs 32, 33 and 34) Around these forms 
appears to be a distinct nuclear membrane and the chromatin is aggregated into 
coarse granules on a somewhat more hghtly stamed background 

Division — ^Division appears to be by simple bmary fission The nucleus 
elongates and divides mto two daughter nuclei which pass to opposite poles of the 
parasite The cytoplasm may now divide and form two complete daughter parasites 
or the daughter nuclei may themselves divide before division of the cytoplasm is 
complete In this manner comparatively large apparently multinucleate parasites 
may be formed but usually the division of the cytoplasm is at least mdicated in such 
forms These formations ultimately result in smaller or larger groups of more or 
less adherent small forms — ^the umt forms already described 

Effect on cell — The forms under consideration produce no appreciable effect 
on the ova or egg foUicles within which they are contamed and the ova are in no 
way prevented from completing their development — hence the capacity for 
hereditary mfection 

Cytology of the forms of B cams seen in unfed larvce of R sanguineus hatched 
from infected eggs (Plate XXXVII, figs 40 and 41) 

Shafe — The shape of the parasites is an ovoid with regular contour 

Size — The size is fairly uniform m the same larva The average measurement 
of the longest diameter was 1 7/i, but variations between 2 4/i and 0 6yx are to be 
found " 

Cytoplasm — The cytoplasm has the ground-glass appearance previously 
described and is devoid of vacuoles or mclusions 

Nucleus — The nucleus appears to be always a single compact mass of chromatin 
situated more or less centrally m the parasite No mternal structure can be made 
out 

Division — ^No dividmg forms were seen 

Effect on cell — As already stated the parasites at this stage appear to be 
extracellular — situated in the undifferentiated yolk which is still present in the 
larvse 

Summary 

, , A description is first given of the forms of B cams seen at different stages 

of its Me history in the dog-tick, R sanguineus 

4 . ^ consecutive description of the hfe-history is then outhned from the 

rr ^ ingested by the tick up to its transmission durmg the act of 

feeding of the latter to a fresh host 

3 The morphology of the different stages is described 
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A STRAIN OE TYPHUS RECOVERED FROM NATURALLY INFECTED 

EAT FLEAS 

On 2nd September, 1935, an emulsion m normal sabne of 121 Xenopsylla cheopis 
and 2 Geratophyllus sp , coUeoted from 15 wild rats {Rattus rattus group) trapped at 
Sabatbu, was mjected intraperitoneally into a gmnea-pig This animal developed 
a typical scrotal reaction and fever on tbe 7tb day after inoculation The strain 
(FL) has since been mamtamed in guinea-pigs by subpassaging with emulsions of 
spleen mtrapentoneally, and is now in its 17th generation Out of 60 guinea-pigs 
used as passage animals, 38 have developed lypical scrotal reaction and pyrexia, 
3 scrotal reaction without pyrexia, and 7 have reacted with fever only Typical 
intracellular RicTcettsice have been repeatedly observed in scrapmgs from the tumca 
vagmahs of gmnea-pigs and white rats moculated with passage virus The Weil- 
Felix test has been carried out agamst alcoholized suspensions of B proteus 0X19, 
OXK and 0X2 on a number of white rats The sera of these animals has m the 
majority of cases given a positive result with 0X19, the highest titres recorded 
being 1 1,000 (on two occasions, once on the 10th day and once on the 15th day 
after inoculation) No positive results have been obtamed with OXK or 0X2 
The reaction of gumea-pigs and white rats to infection with this stram appears to 
be the same as m the case of stram R, previously recovered from the brains of wild 
rats caught m the same area, and described in detail in a previous paper (Coveil, 
19366) Gmnea-pigs infected with the flea strain have been shown to be immune to 

( 921 ) 
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subsequent infection witb the rat strain, and vice versa, except on one occasion, 
when a guinea-pig which had recovered from an infection with strain R developed a 
typical scrotal and febrile reaction when infected with strain RL six weeks later 

Experimental transmission op a typhus strain by the rat plea, 

XEN0P87LLA CHE0FI8 

On 3rd September, 1936, a white rat WR/l was inoculated intraperitoneally 
with passage virus (gmnea-pig spleen emulsion) from a typhus strain ongmally 
derived from the brains of wild rats (strain R) 

On 12th September, 46 rat fleas {Xenopsylla cJieopis), collected from 12 
wild rats trapped at Kasauli and Sabathu, were placed on WR/l, which was 
kept in a glass jar, the mouth of the jar bemg covered with mushn stretched over 
wire netting WR/l was found to be in a dying condition on 16th September, 
and was lolled The Weil-Fclix reaction was positive with 0X19 in a dilution 
of 1 350 

Thirty-four fleas collected from "WR/l were placed on a second white rat WR/2 
on 16th September, and were allowed to remam on it for 3 days, after which it 
was chloroformed, cleared of ectoparasites and placed in a fresh clean jar 
This rat was lolled on 30th September The Weil-Eelix test was negative 
Emulsions of the spleen and bram of the rat were injected mtraperitoneally mto 
4 gumea-pigs None of these developed any scrotal reaction, but one showed a very 
slight rise of temperature (102 2°F and 102 4°F ) on the 8th and 9th days, and 
subpassage was made mto 2 other guinea-pigs and 2 white rats Neither of the 
guinea-pigs reacted, and both were subsequently proved to be non-immune to 
infection with the parent strain The Weil-Felix test proved negative with the 
sera of the 2 white rats 

Nmeteen fleas were recovered from '\TO/2 on 19th September These were 
placed on a tlurd white rat WR/d, and were allowed to remain on it till 28th 
September, when it was chloroformed and cleared of ectoparasites The animal 
was kiUed on 8th October, and an emulsion of its brain was injected mtraperi- 
toneally mto 2 guinea-pigs Both of these developed typical scrotal reaction and 
fever, commencmg on the 9th and 12th days respectively The strain was mam- 
tamed in gmnea-pigs through 9 generations to enable cross immumty experiments 
to be carried out, and was then dropped The incubation period shortened to 
5 — 7 days after the flrst subpassage, and the reaction produced m guinea-pigs and 
white rats appeared to be identical with that produced by the parent strain Cross 
immumty was shown to exist between the substrain and the parent stram R, and 
also with the strain FL referred to above Typical Riclettsice have been observed 
in scrapings from the timica vaginalis of passage giunea-pigs and white rats The 
Weil-Felix reaction has been positive m white rats with B proteus 0X19 up to a 
titre of 1 600, but negative with OXK and 0X2 

On 8th October, a fourth white rat '\^Tl/4 was placed m the jar m which 
WR/S had been kept, after having been chloroformed and completely cleared of 
ectoparasites” Three fleas (X cheopis) were caught on this rat on 21st October 


* This procedure was carried out as a preliminary routine with each rat used in these transmission 
experiments 
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They were killed, and a smear was made from the midgut m each case and 
stamed with Giemsa Etckettsiw, morphologically mdistmgmshable from those 
previously seen m scrapmgs from the tumca vagmalis of passage gmnea-pigs and 
white rats, were present in enormous numbers m one of the smears 

On 23rd October, 26 specunens of X cheopis, collected from wild rats, were 
placed on WR/4, which had first been chloroformed and cleared of ectopara^tes 
On 26th October, 3 fleas were removed and kdled, and a smear was made from 
the nudgut of each RtcTcettsim in scanty numbers were observed m one of these 
smears, whilst the other two were negative On 28th October, 3 more fleas were 
removed and examined RichettsKB m large numbers were observed in all three 
of the smears 

The results of the above experiments may be summarised as follows — 

(1) A batch of 34 rat fleas (Z cheopis) which had been allowed to feed during 
a period of 3 days on a white rat experimentally infected with a stram of typhus 
QtigmaUy derived from the brains of wild rats, and then placed on a normal white 
rat for 3 days, failed to transmit the virus 

(2) The virus was successfully transmitted by survivors from the same batch, 
which had been removed from the second white rat after 3 days, and allowed to 
remain on a third white rat for 9 days 

(3) The climcal and serological reactions produced m gmnea-pigs and white 
rats after passage through the rat flea were identical with those produced by the 
parent stram The substrain exhibited cross immunity with the parent strain, 
and also with a stram origmally derived from fleas caught on wild rats 

(4) Rickettsice were observed in scanty numbers m a smear from the midgut 
of one out of 3 fleas which had been killed after havmg been allowed to feed on an 
infected white rat durmg a period of 3 days, smears from the other two fleas bemg 
negative 

(5) Rwhettsice m large numbers were observed m smears from the midgut of 
3 fleas which were killed after havmg been allowed to feed on an infected white rat 
durmg a period of 5 days 

(6) RicLettsicB m enormous numbers were observed m a smear from the midgut 
of a flea 36 days after it had been removed from an experimentally infected white 
rat on which it had been allowed to feed durmg a period of 3 days 

No RicJcettsice were observed m a series of smears from the nudgut of 
normal laboratory bred fleas 


Discussion 

During the last few years evidence has accumulated regardmg the role played 
by fleas m the transmission of typhus strams m many countries Dyer and his 
colleagues (1931a, 19316, 1931c, 1931d, 1931e, 1931/, 1932a, 19326) m the Umted 
btates have shown that the virus of endemic typhus is present m rat fleas collected 
Irom wild rats under n atural conditions , that the disease is readily transmitted by 

As has been pointed out by Mooser and Castaneda (loc ctt 1 ItirLettM/j liVo nrn-aTmtTv. 
times seen in preparations made from normal fleas, but they a e lisuafc 
and are found in smaUer numbers Moreover, they do not take on tbe I ^ 

Giemsa stain which is characteristic of Rxclettsivs, aid they are never mtea Cellular 



924 


Studies on Typhus in the Simla Hills 


fleas from rat to rat experimentally , that the virus is present in the faeces of infected 
fleas, and may be transmitted by rubbmg macerated infected fleas or the faeces of 
infected fleas into the abraided skin of gmnea-pigs , that infected fleas may retam 
the infection for as long as 62 days , and that the virus multiplies enormously in 
X cJieopis Despite repeated attempts, they were unable to transmit typhus by 
the bite of infected fleas when faices were not allowed to come into contact with the 
skm of the experimental animals used, nor did they obtain any evidence to mdicate 
that the virus may be transmitted to the offspring of infected fleas through the egg 

Mooser and Castaneda (1932) transmitted the virus of Mexican typhus by 
means of Xenopsylla clieopis, Lcpiopsylla musculi, Ceratophyllus fasciaius, Oleno- 
cepJtalus cams and Clenocephalus fehs, and showed that the virus multiphed 
abundantly m all these species They were also able to infect Pulcx irntans They 
failed to find Ricli^ltsice in normal fleas, but observed them in large numbers a few 
days after the fleas had fed on infected rats They demonstrated the presence of 
Riclellsicc in the epithelial cells of the stomach and in the epithelial limng of the 
Malpighian tubules None were seen in the salivar}' glands and ducts They 
noted that Rich^ltsiai were scarce in the lumen of the fleas’ intestines and explained 
this fact by the presence of a pcritrophic membrane’" covermg the mucosa of the 
entire stomach They considered that the Ricleltsicc entered the gut almost 
exclusivcl}'- by the route of the Malpighian tubules They explained the relative 
harmlessuess of the flea m the transmission of typhus to man by the absence ot 
infection m the salivary ajiparatus, the presence of the peritrophic membrane, the 
fact that flea bites arc less irritating to most Inunan beings than those of hce (leading 
to less scratching), and that the body of most fleas is more strongly chitinized than 
that of lice (hence the danger of crushmg a flea against the slan is less than with hce) 
They also stressed the dismclmation of the rat fleas Xenopsylla and Ceratophyllus 
for man, and the fact that smee typhus does not kill rats under natural conditions, 
there is httle occasion for the fleas to leave their normal host 

The fact that fleas can carry the virus of typhus strains has also been demon- 
strated in the case of ship tj'phus of the French seaports, m the endenuc typhus of 
Greece and other countries m the Mediterranean area and m Manchuria, whilst 
the sporadic type of typhus occurrmg in South Africa is also suspected to be carried 
by rat fleas 

Nicolle and his colleagues (1933a, 19336) were unable to mfect rats by the 
bites of fleas, but were able to transmit the disease by feedmg rats on an emulsion 
of mfected fleas They considered that rats are infected m nature either by eatmg 
infected fleas, oi by eatmg the bodies of other rats which are already mfected 

Lewthwaite (1935) has shown that X clieopis imder experimental conditions 
can transnut the virus of the urban typhus of Malaya from rat to rat On the 
other hand, m a series of experiments with ticks [Dermacentor andersom and Rhtpi- 
ceplialus sanguineus) he obtamed no evidence that these insects could transmit or 
even acquire the viruses of either the rural or the urban form, a findmg of great 
interest to workers m India 

The observations made durmg the present mquuy have proved that the wild 
rat IS a reservou of typhus in the Simla Kill s area, that the vuus is present m rat 

* Wigglesworth, however, states that this structure is not present in fleas (‘ Insect Physiologv , 
1934, p 48) 
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fleas under natural conditions, and tliat the vrrus can be transmitted experimentally 
by means of fleas from rat to rat The experiments detailed above also indicate 
that the virus multiplies abundantly in the rat flea, as has been demonstrated by 
workers m other countries 

As has been noted m a previous paper (Covell, 1936a), a crop of typhus fever 
cases (XK type) has been observed to occur m each of the last four years m the 
Simla Hilk a few weeks after the end of the ramy season It is at this time of the 
year that fleas are especially prevalent In 1935 the lamy season began and ended 

Chart 
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some three weeks later than usual , the mcreased prevalence of fleas was also noted 
e later than usual , and the few defimtely proved cases of typhus which were 
Observed (7 m number) all had their onset between the 13th and 21st of September, 
jneieas in 1933 and 1934 the first cases were observed during the last few days of 
ugus During the present mvestigation, a survey of the ectoparasites of rodents 

subject of a later paper The data as 
gards the incidence of fleas on wild rats from June to mid-October are given in 
accompanying Chart, which hrmgs out m a graphic manner the relationship 
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between the peak of maximum prevalence of X cheopis and the September out- 
break of typhus cases There is no evidence to show that the disease is prevalent 
among outdoor workers, and it is perhaps significant that the three Indian cases 
observed m September 1935 and one of the four British cases were all cooks 

The Available evidence points to the rat flea as bemg the most probable 
insect vector of typhus m the Simla Hills area, but more experimental work is 
necessary before the possibility that other ectoparasites may be concerned is 
dismissed 
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Summary 

(1) A stram of typhus has been recovered from rat fleas collected from wild 
rats, and has so far been maintained in giunca-pigs for 17 generations 

(2) A stram of typhus originally derived from the brains of wild rats has been 
transmitted from an experimentally infected wlute rat to a normal white rat by 
means of the rat flea, XenopnjUa cJieo 2 »s The chmcal and serological reactions 
produced in laboratory animals by infection w ith the strain were unaltered by its 
passage through the flea 

(3) Riclcllsicc morphologically indistmgiushable from those observed in 
laboratory ammals inoculated with passage \arus have been demonstrated m fleas 
fed on experimentally infected white rats Our results indicate that there is a 
great multiplication of Rtcteltsicc in XenopsyUa cheopis, thus confirrmng the 
observations of workers in other countries 

(4) Epidemiological evidence points to the rat flea as a probable natural vector 
of typhus from rat to rat and from rat to man in the Simla Hills area 


CovTLh, 0 (1936a) 

Idem (1936!;) 

Dyeb, R E ei al (1931fl) 

Idem (19316) 

Idem (193k) 

Idem (19314) 

Idem (1931e) 


REFERENCES 

Studies ou Tj jihus in the Simla Hills Part I Ind 
lour Med Bes , 23, No 3, p 701 

Studies on Typhus m tho Simla Hills Part HI Ibtd, 
p 713 

Typhus Fever A yinis of the typhus typo denved 
flora fleas collected from wild rats P«6 Health 
Bepts , U BA, 46, p 334 

Typhus Fo\or The rat flea, Xempsylla cheopis, in 
experimental transmission Ibid, p 1869 

The Typhus Rochy Mountain Spotted Fever Group 
in the United States lour Amei Med 4ssoc , 97, 
p 589 

Experimental transmission of Endemic Typhus of the 
United States by the rat flea, XenopsyUa cheopis 
Pub Health Bepts , V S A , 46, p 2416 

Typhus Fever Tho expeninontal transmission of 
Endemic Typhus Fever of the United States by the 
rat flea, XenopsyUa cheopis Ibtd , p 2481 



G Covell and D R Mehta 


927 


Dyer, R E eJ al (1931/) 

Idem (1932a) 

Idem (19326) 

LEWTn\\AiTF, R (1935) 

Moosfr, H , and Castaneda, M R fl932) 

Nicolle, C , Laioret, J , and Girodd, P 
(1933a) 

Idem (19336) 

WoRKJiAN, W G (1933) 


Typhus Eever Typhus virus in fxces of infected fleas 
{Xenopsylla cheopis) and duration of infcctivitv of 
fleas Ihid , p 3103 

Typhus Fever Transmission of Endemic Typhus 
'rover by ruhbmg either crushed infected fleas or 
infected flea fxces into wounds Ihid , 47 , p 131 
Typhus Fever The evpenmental transmission of 
Endemic Tvphus Fever of the United States by the 
rat flea, Geratophyllus fascialus Ibid , p 931 
Ann Bept Inst Res , F A1 S , for the year 1931, 

p 12 

Multiplication of the virus of Mexican Typhus Fever m 
fleas Jour Fxper Med , 55, p 307 
Transmission of Rat Virus by bites and by ingestion of 
infected fleas 0 R Acad Sci , 197 , p 377 
Passage of the Typhus Viruses through the digestive 
tract m the nt Arch Inst Past Turn's, 22, p 326 
Typhus Fever Expenmental transmission of Endemic 
Typhus Fev er of the United States by Xenopsylla 
ostia Pub Health Repts , V R A , 48, p 795 




Ind Jovx Med Res, 23, 4, April, 1936 


THE GROWTH OF EBIBRYONIC NERVOUS TISSUE IN 
PLASMA TAKEN FROM VITAMIN A DEFICIENT 
FOWLS AND RATS. 


BY 

W R AYKROYD 

ANT) 

G SANKARAN 

{From the Nulntwn Research Laboratories, I R F A , Goonoo) ) 

[Received for publication, January 2, 1936 ] 

In some previous experiments earned out in tins laboratory (McCarrison and 
Sankaran, 1933, 1934) it was observed that tbe growth of various embryomc tissues 
in plasma taken from fowls suffering from polyneuritis mduced by a diet of pohshed 
nee is inferior to that of similar tissues m the plasma of birds fed on a satisfactory 
diet of mixed grams The impairment of growth was particularly marked m the 
case of nervous tissue and mtestmal epithelium In the present series of expen- 
ments, the growth of embryomc nervous tissues m plasma taken from rats and 
fowls on vitamin A deficient diets was studied A number of workers have 
demonstrated the existence of nervous lesions in vitaimn A deficient animals, and 
it was felt that the investigation might indirectly throw light on the relation beWeen 
vitanun A and the integrity of nervous tissues 

Technique 

1 Material for culture 

Fragments of embryomc spmal cord and cerebrum, ^ to 1 square mm m sixe, 
were used for culture In the case of the fowl, the spmal cord of an incubated 
embryo of 7 to 9 da 5 s was employed It was found that the nervous tissue of 
younger or older embryos did not grow so well m culture Ingerbregsten (1913) 
has made the same observation, and has recorded a similar period of optimum 
grow th for the embryonic nervous tissue of cats, rabbits and dogs 

In the early stages of the expernnent pregnant rats were taken at random 
iroin the stock, and attempts made to culture the nervous tissue of the embryos 
W c tound, however, that the best growth occurs when embryos of 1 6 to 2 0 

( 929 ) 
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grammes are used at other stages of embryonic life growth response m culture is 
difficult to obtam By placing pairs of male and female rats together for two days 
and then separating them, we found that this weight, in the Coonoor stock, corres- 
ponds with a gestation period of about 19 to 21 days Subsequently, by similar 
methods, embryos of about the right age and size were obtained Three pairs of 
rats were mated sumdtaneously to ensure that embryomc material should be 
available at the tune of experiment, 19 to 21 days later 

Cerebral tissue was found to be preferable to spinal cord for tissue culture in 
the case of the rat , the former shows a more abundant outgrowth of axis cylinders 
than the latter in suitable and similar cultural conditions A better growth of 
axis cylinders can be obtained from rat cerebrum than from fowl cerebrum or spinal 
cord 


2 Production of vitamin A deficiency 

Eight young fowls, from 1,000 to 1,300 grammes in weight, were placed on 
the following vitamin A deficient diet, which is a modification of that described by 
Elvehjem and Neu (1932) — 

Parts 


Milled rice 65 

Ground whole rice , 16 

Casein 12 

Dried yeast 6 

Common salt 1 

Calcium carbonate 1 

Acid calcium phosphate 1 


A control group of 8 birds were fed on a diet of smular composition, except 
that 3 parts of milled rice were replaced by 3 parts of cod-liver od In about 8 
weeks’ time some of the birds on the deficient diet developed leg weakness, which 
disappeared after they had been exposed to sunlight for a few hours every day for 
1 to 2 weeks It was ascribed to insufficiency of vitamm D, and from the tune of its 
appearance the birds on the diet lacking cod-liver oil were put out of doors for some 
hours each morning No recurrence of leg weakness was observed The earliest 
symptom suggestive of vitamm A deficiency to appear was a drvmg up of the comb, 
which became darker in colour , this was seen in some buds m 4 to 6 weeks 
Subsequent histological examination revealed that an epithelial change characteristic 
of vitamin A deficiency — excessive keratmization — was present m these combs 
At a later period some of the birds showed conjunctivitis and slight cloudmess of 
the cornea 

Blood was taken from vitamm A deficient and control fowls after they had 
been fed for periods varymg from 4 to 16 weeks on the experimental diets [see Table) 
Post-mortem examinations of the vitamin A deficient group revealed no striking 
macroscopic changes in the internal organs, except in the case of one bud which 
had advanced pyonephrosis With 2 exceptions the livers of the vitamin A deficient 
group gave a negative arsenic trichloride test for vitamin A , the livers giving a 
positive reaction were subsequently found, by spectrographic assay, to contain only 
7y and 12y of vitamin A respectively per gramme, amoimts far below those usually 
found m normally fed nmmals (200y to 800y per gramme), 
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The hvers of the control group all gave a strong positive arsenic trichloride 
reaction, and the general condition of the group was better than that of the deficient 
group, the average weight at the time of bleeding bemg about 1,600 g in the former 
as compared with 1,450 g m the latter 

The vitamm A deficient diet used m the rat experiments consisted of the 
following starch 60 parts, casern 20 parts, ohve oil 10 parts, dried yeast 5 parts, 
salt mixture 5 parts The control diet was sunilar except that 2 parts of cod-hver 
oil were substituted for 2 parts of ohve oil Twelve animals weighmg about 
200 g to 250 g were placed on deficient and control diets respectively, and a group 
of smaller animals, 50 g to 60 g m weight, was similarly dealt with (12 deficient, 
5 control) The first group was made up of larger animals because we anticipa- 
ted difficulty m obtaimng blood from smaller animals Subsequent experience, 
however, showed that comparatively small animals can be used for the taking of 
blood m the manner described m Section 3 

Even after as long a period of 4 months rats on the deficient diet faded to 
develop xerophthalmia, and post-mortem exammation revealed no strdang changes 
They all, however, ceased to grow or lost weight Blood was taken from animals 
which had been on the experimental diets for 12 to 16 weeks, the more sickly-loolang 
animals m the vitamin A deficient group being usually chosen for bleeding In 
every case the livers of the vitamm A deficient rats from which blood was taken were 
free from vitamin A, whde those of the control group showed a positive reaction 

The vitamin A deficient fowls and rats which were chosen for the withdrawal 
of blood are listed in the Table Each bleedmg was duphcated on a control animal 
which had been foi a similar period on the same diet with the addition of cod-hver 
oil The hveis of these ammals showed a positive arsenic trichloride reaction 


Table 


Vitamin A deficient lats and foivls used as source of plasma 



Fowls 


Rats 

u 

ID 

d 

Experiment 

Date of 

AbCJj test 

(-1 

<l> 

Experiment 

Date of 


3 

begun 

bleeding 

for vit A 


begun 

bleeding 

for vit A 

1 

20-7-3'5 

19-8-35 

Negative 

1 

1-6-35 

20-8-36 

Negative 

2 1 

20-7-35 

3-10-35 


2 

1-0-35 

9-9-36 


3 

10-8-33 

4-11-35 

Positive* 

3 

1-6-36 

21-9-36 


4 

10-8-35 

28-11-35 

Negative 

4 

1-6-36 

10-10-36 


6 

10-8-35 

9-12-35 

Positivef 

6 

24-8-36 

20-11-35 






C 

24-8-36 

25-11-36 

99 


ly of Titamm A present per gramme of bver. 
” - >. » » „ 
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3 Methods of obtaining plasma 

It 18 comparatively simple to draw 60 c c of blood or more from a fowl 
by canmilatmg the carotid artery imder hght anassthesia as described by 
Stranger ays (1924:) In rats the superficial arteries are too small for cammla- 
tion, and it was found unpossible to obtain sufficient blood for our purpose 

hypodermic needle from the heart Accordingly, we were obliged to 
develop a new techmque for obtaming and using rat plasma for tissue-culture 
experiments, which, since it may prove useful to other workers, will be described 
in detail 

Blood IS obtamed by cannulating the abdonunal aorta The rat is secured on 
its back on a wooden board by stout strmgs attached to its limbs and by a fine 
string hookmg its incisor teeth Under ether ana?sthesia the skin is removed from 
the abdonunal wall and the muscular coat painted with tincture of lodme A 
sterihzed towel with a longitudmal sht is spread over the animal and the muscular 
wall of the abdomen cut away "With fresh sterihzed forceps the abdonunal aorta 
and vena cava are exposed The next step m the operation — the dissection of 
about half an inch of the aorta from the surrounding tissue and the closely adjacent 
vena cava — is the most difficult one Loose areolar tissue can be peeled off with 
a fine forceps, but the vein lies very near, and feequently medium-sized venous 
branches cross the artery If the thin wall of the vem or one of its tributaries is 
cut, copious bleeding occurs which cannot be stanched, and the animal must be 
discarded With a httle practice, however, the artery can be held by a blunt 
forceps and separated from the vein by gentle blunt dissection The artery is 
ligatured at the distal end of its separated portion, and on the cardiac end a one 
inch bull-dog pattern forceps is placed The wall of the artery is smpped with 
sterile scissors and a cannula inserted 

The caiiiiul<xj employed are of the usual Barcroft type, but sufficiently 
fine to be introduced into a very narrow artery , their tips are about 1 mm to 
1 5 mm in diameter Such caimulse are easily made with a little practice 
About 6 of these, of varying sizes, sterilized in olive oil, are kept at hand during 
the operation When the appropriate cannula (the bigger the cannula which 
can be used the better) has been inserted, it is tied m position On releasing tlie 
forceps the blood flows freely through in a steady stream The first fea drops 
of blood are discarded, since it was found that a tube of blood v Inch includes 
the first drops readily clots, iiossibly because these drops contain thrombokuiase 
liberated by the traumatic action of suippmg the arterj’- and introducing the 
cannula 

In this manner as much as 20 -c c of blood can be collected Blood is drawn 
into 4 or 5 narrow centrifuge tubes, paiaffin coated and ice cold The collected 
blood IS immediately centrifuged in ice packing and the plasma, subsequently drawn 
off uith cold paraffined pipettes into fresh paraffined cold tubes A^Tien the blood 
has been taken the animal is killed 


*Aftcr this paper ]md been submitted for publication, no received tbo ‘ Archv fur expcumcnieUe 
Zellforschiing \ 1035, 18 , No 2, in Mhicli Zocbel (p 142) describes a somewhat simdar technique 
for obtamiii" rat plasma In Zechcra teclmiqno, Heparm is used to prevent clotting, v bich uould 
comphcfvto tissue culture experiments with a nutritional bearing, 
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4 Clotting of plasma 

The plasma of normal fowls will remain unclotted, and thus suitable for tissue 
culture experiments, for days or weeks m a Fngidaue Bat plasma, collected by 
the method described, clots very soon even at 0°C , and must be used for unplanta- 
tion of tissue within an hour of bemg drawn It is, therefore, necessary to have the 
tissue fragments previously cut and ready for mounting on slides before blood is 
taken In mountmg the cultures, it is strictly necessary that the pipette used for 
takmg up plasma should be kept m a wide glass tube surrounded by ice , neglect 
of this precaution results in the clotting of the plasma after a few slides have been 
put up In spite of all precautions, however, rat plasma will clot within an hour 
and there is no possibdity of using it for a second tissue-culture experiment Clotting, 
both in the fowl and the rat, appears to be hastened by vitamin A deficiency Of 
the 6 specimens of ‘ deficient ’ fowl plasma obtained, only one remained fluid for 
6 days, and the remainder clotted within 48 hours 

5 Implantation in plasma and Tyrode solution 

Cultures were grown in 3 types of plasma obtained from fowls and rats (a) on 
the vitamin A deficient diet, (6) on the same diet plus cod-liver oil and (c) on a good 
mixed diet (mixed grams for the fowls and the Coonoor stock diet for the rats) 
Fragments for incubation were implanted in a mixture of equal parts of plasma 
and Tyrode’^ solution on coverslips, inverted over hollow ground microscope slides, 
and sealed with paraffin Clottmg takes place in the incubator All operations 
were carried out under strictly sterile conditions 

The pre-incubation stage of a single (rat) culture experiment may be summarixed 
as follows first, the nerve tissue of a suitable embryo is fragmented , next, the 
plasma of 3 lats (deficient, control, and stock) is obtained , finally, the tissues are 
implanted withm an hour The procedure in the case of the fowl is similar, except 
that there is not the same urgency to implant rapidly after the withdrawal of blood. 


The growth of cultures 

Suitable fowl spmal cord and rat cerebrum cultures were found to grow well in 
Tyrode and plasma obtamed from the animals fed on a good mixed diet Within 
6 hours one can observe the outgrowth of filaments with a bulbous end which in 
some instances puts out a few tiny branches This branching is moie commonly 
observed in rat than in fowl tissue The filaments, which are in fact axis cyhnders 
can be traced back to a nerve cell in the explant As time passes they steadily 
elongate, and the rate of elongation can easily be watched through a microscope 
placed inside an mcubator which keeps the cultures at 38 4°C It was found to 
take place umformly at the rate of 4 8 to 6 0 microns per hour After about 60 

cease to elongate, and at the same time beading occurs 

Wentt Sr phenomenon perhaps akin to Wallerian degeLation. 

Even when this point is reached, a few new filaments may be observed Rowing out 

J* STR 

7 



934 


Tl^e Growth of Embryonic Nervous Tissue in Plasma 


of tlie explant After about 72 hours the beaded axis eylmders undergo autolysis 
and disappear 

There was a very definite difference between cultures in ‘ deficient ’ plasma 
and those in ‘ normal ’ plasma In the former, axis cylinders were more scanty, and 
those which appeared did not grow to the same length as m the latter Degenera- 
tion of axis cylinders, shown by beading, and autolysis took place in a shorter 
time — as early as 48 hours 

Growth of axis cylinders in the ‘ control ’ plasma, while quite abundant and 
superior to growth in ‘ deficient ’ plasma, did not equal that in ‘ normal ’ plasma 

We earned out in all II culture experiments, 6 with rat plasma and 5 with 
fowl plasma In each experiment about 6 explants were seeded in each tjqie of 
plasma On examination of cultures after 24 hours’ incubation, it was always eas) 
to observe a diflcrcnce in growth between ‘ normal ’ and ‘ deficient ’ cultures Since 
it Avas difficult to express this difference quantitatively, and self-deception is easy, 
we made a number of attempts to group slides with ‘ good ’, ‘ medium ’ and ‘ poor ’ 
growth, while remoiiung m ignorance of the medium in each case As criteria of 
growth, abundance and length of axis cvlinders, and absence of degeneration, vere 
employed The results of one attempt at ‘ blmd ’ selection was as follows — 


Good grow 111 

Medium grow 111 

Poor grout h 

‘ Normal * jihsma 

' Control ' 1 

‘ Control ’ plnsinn 1 

‘ Normal 1 

‘ ■Deficient ’ plnoma i5 

‘ Control ’ 1 


It Avill be observed that m this case all the ‘ deficient ’ plasma slides u ere placed 
in the ‘ poor ’ group In other expeiiments we (and other w orkers in the laboratory) 
were able to group slides with equal accuracy, and convince ourselves that the 
differences observed were not due to suggestion 

Miorophotographs of a few stained cultures are given (Plate XL, figs 1 to 6) 
They were fixed for 48 hours m 10 pci cent neutral formalin and 'stained with 
Ehrlich’s acid hieniatoxvlin 


Drscussro^ 

In a previous experiment (McCarrison and Sankaran, 1933) it was observed 
that subnormal nerve tissue growdh occurred in the plasma of birds suffering from 
‘ polyneuritis ’ Polyneuritis wms induced by a diet of polished rice, which is 
deficient in vitamin A as well as m vitamin B] It is therefore possible that the 
phenomena previously reported were essentially similar in nature to those now 
described 

A number of wmikers have observed nerve degeneiation in vitamin A deficient 
animals The literature of this subiect has recentl}’’ been reviewed by Sutton, 
Setterfield and Kraus (1934) Pathological investigations on vitamin A deficient 
rabbits and fowls in this laboratory have revealed advanced stages of nerve 
degeneration Mellanby (1934) has suggested that the epithelial changes charac- 
teristic of vitamin A deficiency are secondarj’^ to trophic nerve lesions It seems 
reasonable to suppose that the phenomena observed m our experiments are parallel 










Plate XL 



FIG I FIG 2 FIG 3 

Photomicrographs of living unstained cultures of rat embryo cerebral tissue, 24 hours’ 
growth in ‘ normal ’ (Pig 11, ‘ control ’ (Iig 2), and ‘ deficient ’ (Pig 3) rat plasma and Is-rode 
solution 



n<o 


nio 


FIG, 4 

Photomicrographs of stained cultures of chick embryo spinal cord tissue, 24 hours’ growth 
m normal’ (Fig 4), ‘control’ (Fig 5). and ’deficient’ (Fig. 6) fowl nlaamn m T 

solution (Ehrlich’s acid haimatoyylin) ^ Tyrode 
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to those which occur m the nerves of vitaruiii A deficient animals We must, 
however, underline the fact that growth in ‘ control ’ plasma did not ec[ual that in 
‘ normal ’ plasma The condition of annuals on synthetic diets supplemented by 
vitamin rich materials (dried yeast, cod-liver oil, etc ) and mineral salts is nevei 
qmte as good as that of animals on a good mixed diet , a sub-optimal ‘ state of 
nutrition’ is present, which m our experiments expressed itself in the manner 
described 

No conclusion can be drawn as to the reason why the plasma from the deficient 
ammals failed to support good growth of nerve cells m culture It is possible that 
in oiir experiments there was an actual deficiency of vitamin A in the plasma Wo 
have however, so far been unable, by spectrographic methods, to detect vitamin A 
or carotene in any kind of rat or fowl plasma On the other hand, various changes 
in plasma probably associated with Autamm A deficiency have been described, 
c g , a decrease in blood serum esterase (Green, 1931) , a deciease in blood lipase 
(Holm, 1934) Any of these may conceivably bo mimical to the growth of nerve 
cells m culture The fact that growth was subnormal in ‘ control ’ plasma taken 
from animals in a sub-optimal ‘ state of nutrition ’ suggests that the impairment of 
growth in ‘ deficient ’ plasma was due to an alteration in the state of the plasma 
rather than to an absence of vitamin A 

The observation that the growth of embryo cells m the jilasma of an animal 
in a poor ‘ state of nutrition ’ is subnormal seems of some general interest The 
grov mg cells of the embryo are ultmiately dependent on the plasma of the mother 
for their nourishment It seems likely that if her diet is deficient in vitamin A, 
fully normal development of erabryomc brain and other tissue can not take 
place 

Summary 

1 Embryonic nerve tissue was cultured in plasma from fouls and rats on 
(a) a good mixed diet, (61 a diet deficient in vitamin A and (c) a control diet similar 
to (h) except that it contained cod-liver oil 

2 Excellent growth took place in ‘ normal ’ plasma and poor growth in 
‘ deficient ’ plasma In ‘ control ’ plasma the growth response lay between these 
extremes 

3 A techmque of obtainmg rat plasma in sufficient quantity for tissue 
culture experiments is described in detail 
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Part I. 

It has been abundantly proved that carotene, the yellow lipochrome pigment 
of plant materials, can fulfil the physiological functions of vitamin A, transforma- 
tion of carotene into vitamm A taking place tn vivo (Moore, 1930) The vitamin A 
activity of vegetable food-stuffs appears to be due solely to their carotene 
content (Wolf et al , 1930 , Moore, 1931 , Gudbert, 1934 , De, 1935) Until a 
few years ago vitamin A activity was estimated solely by the biological test, and few 
systematic investigations of the carotene content of food-stuffs, in India and else- 
where, have as yet been carried out Recently, Kuhn and Lederer (1931), Kuhn 
and Brockmann (1933) and others have established the fact that carotene may 
exist in different isomeric states (a, /3 and y forms), the /3 isomer being twice as 
potent as either the a or isomer The total amount of carotene present in a 
food-stuff may, however, be a valuable indication of its importance as a source of 
vitamin A Accordingly, the author has estimated the (total) carotene content 
of some 80 vegetable food-stuffs, usmg a simplified spectrophotometric method 
previously described (De, 1935) The mvestigation is a part of the systematic survey 
of Indian food-stuffs at present m progress m these laboratones 

Extraction op carotene prom the test materials 

The investigation covered green leafy vegetables, roots, frmts, legumes and 
cereals Unless otherwise stated in Table I, the samples were obtamed from the 
local market , they were in the state m which they are commonly bought and 
ccmsumed, but bad not the freshness of vegetables just plucked or harvested 
\Vhere the food-stuffs are stated to be fresh, it is to be understood that the specimens 
were analysed within a few hours of obtaining them from vegetable gardens close 

( 937 ) 
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by Tile amount of a food-stuff taken for lay between 2 g and 50 , and 

varied according to the nature of the substance The material (only the '^edible 
portion, unless otherwise stated) was finely ground in a porcelain mortar with a 
little glass powder and CaCOj, c\tracted thrice with absolute alcohol and then 
3 to 5 tunes with petroleum ether or carbon-bisulphide (CSi) until no pigment was 
visible in fresh solvent The alcohol and petroleum ether (oi GSj) evtracts ivere 
collected together m a separating funnel and a few^ c c of distilled water added to 
make the alcohol to about 85 per cent On shaking, carotene w^as taken up b)^ 
petroleum ether (or by CS.>), wdule the melcvant pigments (part of the chlorophylls, 
\anthophylls, rhodoxanthm, fucoxanthin etc ) remained in the alcohol The 
carotene solution w'as tlien washed successively w'ltb 85 per cent and 70 per cent 
alcohol, and repeatedly with watei The solution w-as next freed from moisture b\ 
treating \vith a little anlivclrous CaSO^, and shaken with sufficient quantit) of 
finely pow'dered and dry CaCOj to remove chlorophylls and the possible traces of 
the non-hydrocaiboii pigments (Palmer, 1922) The filtrate was made up to 
suitable volume and its caiotcnc content assayed spectrographically A\dienever 
the examination could not be carried out immcdiatel v , the solution w as preserved 
in the dark with a little hvdro(|umone to prevent oxidation 

I'ksiIMAUOX Ol CAUOinXL lllOM IHE EXCEACIS 

The method was essentially that described previously (De, 1935) As a lesult 
of expeiicnce, however, the usual spcctrophotometric technique was modified in 
se\cral respects The short ultra-violet radiations from the source may sometimes 
appreciably bleach the pigment, even during the short time (5 to 10 minutes) 
lequued for talang an absorption photograph The deterioration was found to be 
ver}' marked in CHClo, the onlj solvent m which spectrophotoinetric estimations 
of carotene are usually carried out Even under ordmary conditions chloroform 
tends to destro} the pigment more quickh than the other solvents In the present 
investigation the short ultra-violet ladiations of the source were cut off bvfiltermg 
the light through a thick ^lass plate, and, instead of applying the usual procedure— 
nameh, clrjmg up the extracts and exanimmg the chloroform solution of the 
losiduc— the petroleum ether or CS^ extracts were spectrographed directly The 
alisoiption cell w as filled w ith the extract (m suitable concentration), w'hile the 
conipensatmg cell was filled wuth a solution from wdiich carotene has been completely 
removed by irradiation (De, 1935), as evidenced by absence of colour or bv a negative 
arsenic trichloride test Even after complete removal of carotene, CSi solutions 
may sometimes exhibit a non-interfering colour, due to dissolved sulphui compounds 
formed during irradiation Experience show-ed that the use ot the CSi sohent 
should, w henevei possible, be avoided as it has an irntatmg pimgent smell and 
requnes special attention during iiiadiation 

An absorption photograph was taken for each test solution and the value of 
the extinction coefficient at the region of maximum absorption (near 4500 and 
4800 A IJ for petroleiuu cthei and CSj solutions of carotene respectively) 
deteimmcd Foi talculation of the carotene content the following formulie 
w'crc used 

=1,600, for CS. solutions (De, 1936) and 2,500 for 

the petroleum ether solutions of carotene (Gillam, 1935 Ee, 1936) 
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A colorimetric method of assaying carotene was applied in a few cases , it pioved 
however, unsatisfactory for two reasons the standard potassium bichromate 
solution did not obey dilution law, and the colour of the final test solutions often 
differed from that of the bichromate (or carotene) standards A few colormietiic 
estimations were made with extracts having identical colour, using a pure carotene 
solution as standard of comparison Tbe figures agreed closely witb tbose obtained 
by the spectrophotometnc method Carotene standards for use m qmck estima- 
tions should be preserved in the dark, by adding a little hydroquinone to prevent 
oxidation, and their concentration should be checked spectrographically now and 
then For the estimation of carotene in lycopene rich materials, e g , ripe tomatoes, 
red chillies, etc , the procedure described in an accompanying commumcation (De, 
193.6) was adopted In the case of these foods, figures must be regarded as 
approximate 

By applying the above spectrophotometnc techmque, as many as 3 to 5 esti- 
mations could be carried out in a day and with experience 2 to 4 extracts could be 
photographed on a single plate The results are set out in Table I — 

Table I 


Cawtene content of various vegetable foodstuffs 



Carotene content 
in y (0 001 mg ) 

Food stuffs 



per g or c c 
of material as 
obtained 

1 


Vecctables 

Amaranth (large leafed vuuet\) {itnaranthus garigeltcub) 
Ircsh matured green lea\ es 

Amaranth (small leafed \aiictv) {Amarnnthus gangelmis), 
fresh, matured green leaves 

Amaranth (small leafed variety) {Amaranihus gangeticus), 
very tender 

Betel leaves {Piper betel) 

Bitter gouru {Momordica charantia) 

Brinjal {Solatium melongena) 

Cabbage, outermost green leaf, fresh 
„ outer green leaf, fresh 

„ imier green leaf, 

„ Miner v lute leaf, „ 

„ mnermost white portion, fresh 


111 UO 

76 34 

25 20 
72 70 
210 
0 05 
39 27 
3160 
23 80 
0 90 
0 32 
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TabI/E I — contd 


Food stuOs 

Carotene content 
in y (0 001 mg } 
per g or c e 
of material as 
obtamed 

Veoetables — concld 


CauLflower 

0 38 

Celery ]cavc3 

57 60 

Conandor lea\03, fresh (Conandruni salmtm) 

126 30 

CluUies (green), long ^ anetj {Capsicum annuum) 

2 63 

II ( II )i round and short (Capsicum frutescene) 

3 60 

„ { „ ), diflerent sample, round and short 

7 40 

„ ripe, dr^ (Capsicum annuum) 

6 76 

CurT\ lomcs (Murratja Iccntgii) 

126 30 

Drumstick (Moringa ohifera) 

184 

French bean (Phascohts vulgaris) 

2 21 

Garhc 

1 ^l? 

Green pons 

1 39 

Ladies’ finger (Hibticiis csculrnlus) 

0 58 

Lettuce, fresh tender leaies j 

20 60 

„ , Iea\c3, different smiple 

24 00 

Xcem lcn\es, tender (A:cd irachta tndten) 

47 60 

Onion, small ^nricti 

0 25 

Pnrslej , fresh 

33 00 

Pumpkin, sweet larieti (Cucurbtia maxima) 

0 84 

Ridge gourd (Lujfa aculangula) 

0 56 

Snake gourd (Tnehosanthes angutnn) j 

1 60 

Spinach, fresh tender leaves j 

26 30 

Tea leases, dry dust (Nileins) 

25 40 

TtinEnS AND HOOT VEOETVBLr= 


Carrot, fresh tender 

20 20 

Colocnsia (Colocasta anliquontm) 1 

i 

0 40 
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Table I — contd 


Food stuffs 

Carotene content 
m y (0 001 mg ) 
per g or c c of 
material as 
obtamed 

Tubfrs and boot vegetables — concld 


Parsuip 

0 30 

Potato, white, poorly manured 

Nil or trace 

„ „ manured 

0 5G 

Radish 

0 03 

Turnin, white 

1 Ntl or trace 

Yam 

4 34 

Frihts 


Apple (Austrahan) i 

Ntl or trace 

Coco nut (hernel) 

\'tl or trace 

1 

Crape juice, preserved 

0 16 

Lime (matured), juice onlv 

0 26 

„ skm onh 

3 05 

Mango, green fruit 

1 50 

Orange (green slun, npe fruit), juice 

4 20 

„ (different fnut), juice onlv 

3 70 

' „ )> skm only 

26 70 

Papaya, green matured fruit (Carica papaya) 

2 40 

„ ripe fruit 

18 40 

Pears, country, partly wpe 

0 14 

Plantain, green, used as vegetables 

0 60 

„ different sample 

0 46 

„ npe frmt 

124 

Tomato (green tender fruit), juice only 

0 26 

„ ( „ matured „ ), „ „ 

0 63 

» ( » ), whole fruit 

3 20 

„ (npe frmt), juice ouly 

6 70 
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Table I — conid 


1' ood Btulls 


Carotene content 
in y (0 001 mg ) 
per g or c c of 
material as 


I obtamcd 

Ji'BtJiTS — cancld 

Tomato juicc, det-p red, pits' ntd (Canadian) 

>. )> light „ , (.S African) 

CFREALS, rULSES AM) LEOUM'S 

Bengal gram, with IiusK (Otcer anelinnm) { 16 

Black , Mitbout Lusk (P/(a«co/tt« «i««yo) 0 61 



Cambu {Pcnnisetitm Iffphoteleuni) 

Cholain {Sorghum inlgarc) 

„ from Bcliarv (Sorghum ccrnuuin) 

„ (collected b 3 Coinibatoro AgriciiJIurc College) 

, \eJlou (Sorghum durra) (collected bj Coimbatore 

Agriculture College) 

, jellow Jonin seeds’ (Sorghum cernvum) 

(collected by Coimbatore Agriculture College) 

Green gram, Mlb busk (Phascolus radtaUts) 

liorso „ „ „ (Doltchos btjlorus) 

Jliiiye, raw white 

Mussoor dhal (lentils', u ithoul Iiu«k. (Lem esculenta) 


2 20 
I GO 
210 
I SO 

0 70 

0 57 
] 58 

1 58 
0 42 
4 50 


Bugi siiniplo 1 htown ^ iritU, (Llcustnc coracann) ((.olltilul i 

b\ Coimbatoru Agrii ulturo Collegi ) Ob! 

snmpJo 2, broil 11 lancli (J kinnu. ivrauimi) (toUtt-lul i 
by Comibatmc Agntiillnrc Colltgc) , 0 90 


sample 1, brown snrictj (L'lciisint curuuinii) (tolltited ' 
bj Coimbatoie Agin iiitiiie College) 

Bed gram (without busk) (Cajanns tndtem) 

Bite, wlute, polished 
„ (Mniigaiore), unpolished 
, ( „ ' slightly polished 

„ ( „ ), polished to some c\tent 

Sova bean siuii'l size /arieli (with husk) 

„ „ large (from Chirodi I arm, B 1’) 

Wbeit, whole (I’unjab) 

Vegetable oils and seeps 
Coco nut oil 

Conundor seeds (Conandrum sativum) 

Giugelly oil (Sesamum indicum) 

„ seeds 


0 57 
2 20 
Nil 
019 
0 10 
012 
4.')0 
9 70 

1 08 

Nil or trice 
15 70 
All 
107 
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Table I — condd 


Food stufia 

Carotene content 
in y (0 001 mg ) 
pea g or 0 c 
of material as 
obtained 

VEGErAHLE OILS AND SEEDS — COIICU 


Orouiid nut oil {Arachis liypogaa) > 

.A il or trace 

„ seeds 

0 0*1 

JIustaid oil (Biassica jimcea) 

Ehl 

„ seeds 

2 70 

Ohve oil 

Nil 

Red palm oil (Malaya) (Elats guineenaia) 

400 00 

Miscellaveobs 


Cumin (Cuminum cyminum) 

8 70 

Jaggery, black, not refined (from sugar cane juice) 

j 2 80 

„ brown, partly refined ( „ „ , , ) 

1 0 14 

ibago 

Vil 

Tamarind (2'ainai tndus tndica) 

0 80 

„ different sample 

1 10 

Turmeric (Curcuma Imiga) 

OoO 

Yeast (dned brewer’s) 

1 10 


One International Unit of vitamin A has been defined as the vitninin A 
letivity of 0 by of pure /5 caiotcue ronsidenui; the heterogeneous nature of 
carotene in food stufis, one International Unit may be taken as beuig about 
equal to ly ol carotene as estimated in this investigation \ti avenge biological 
unit has roughly the same value; on this basis of comparison, there is fair agree 
inent between the figures given We and available figures obtained bv biological 
method (Sherman and Simtb, 1931) 


Discussion AND RESULTS 

Greeu, leafy vegetables in. general are rich soiuces of carotene Amaranth, 
spinach, green cabbage leaves, lettuce, coriander leaves, betel leaves, neem leaves, 
etc , all contain large quantities of carotene Bitter gourd, snake gourd, Brench 
beans, drumstick, green peas and pumpkin, etc , are fairly good sources of carotene 
Among the various root vegetables examined, carrot was found to be very rich, 
} am was fairly good, while potato, colocasia, turnip, parsmp and radish were poor 
Of the fruits examined, the ripe ones were richer in carotene than the green ones 
Papaya, plantain, orange and tomato, when ripe, become good sources of carotene. 
Of tbe various cereals and legumes analysed, soya beau, mussoor dhal, green gram* 
Bengal gram, etc , are good sources , cambu, cholam, ragi and whole wheat, though 
not.iich, are better sources of carotene than rice Polished nee was found to be 
devoid of carotene, while the unpolished samples contained traces It was noted 
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that refined jaggery had a lower content than crude samples Carotene was not 
detected in any of the vegetable oils examined, with the exception of red-palm od 
It IS mteresting to note that red-palm oil (carotene content = 400 0 y per g ) 
stands pre-eminent in the list of the food-stuffs analysed 

It was observed that the carotene content of the non-leafy vegetables did not 
always run parallel to then yellow coloration, e g , most of the yellow pigment in 
turmeric is water or alcohol soluble, carotene being present in negligible quantity 
Green leaves arc very rich compared to white ones The carotene content of the 
outer green leaves of cabbage was found to be as much as 40 times that of the inner 
white portion Similar wide variations were observed by the biological test in the 
vitamin A activity of green and white leaves of cabbage, lettuce and spinach, etc 
(Sherman and Smith, loc cit ) Similarly, carotene is found in much larger quantities 
in the skin of oranges and limes than in their juice or inside portions These observa- 
tions corroborate the gcneial view that photochemical activity plays an important 
role in the synthesis of carotene in plants 

It IS noteworthy that a number of the vegetable food-stuffs tested have a 
carol one content which approximates to or exceeds the vitamin A content of milk 
fat Carotenc-rich vegetable foods, which m general are much cheaper and more 
easily available than animal fats, would seem to be of great importance m a country 
like India At present, how ever, w c have little know ledge as to relative value of 
equal quantities of vitamin A and carotene in the diet of human beings 


Part II, 

ErFECT OF STORAGE ON THE CAROTENE CONTENT OF SOME VEGETABLE 

1 OOn-STUFFS 

Simultaneously w ith the carotene assay work reported in Part I, a few observa- 
tions w'ere made on the effect of storage on the carotene content of some 
c egetable food-stuffs Pine carotene is knowm to bo very unstable and liable to 
destruction by light and atmospheric oxidation As most food-stuffs are not 
usually consumed m a state of absolute freshness but have lam in shops and markets 
for hours and m some cases for days and months before purchase and consumption, 
a knowdedge of the variation of carotene content on storage imder ordinary condi- 
tions (e g , without preservatives) is desirable Further, a point of interest has 
been raised by the recent report of MacLeod and his associates (1935) who, 
conducting some biological vitamin A experiments, noted a strange result, namely, 
that the vitamin A potency of some vaiicties of sw'eet potatoes mcreased several 
times after storage for twm months or more at room temperature To explain this 
observation they have suggested that cither an absolute increase of carotene takes 
place, or that existing carotene may become more assimilable to the animal system 
as a result of storage 

The materials examined m the present investigation w^ere preserved m baskets 
or glass jars, at various temperatures, under ordinary conditions The carotene 
content was estimated at the stated periods of storage by applying the method 
described m Part I, values bemg given per gramme or c c of initial weight 
Sweet potato was not available in Coonoor during the season when the investiga- 
tion was carried out The observed data are set out m Table II — 



Table II. 

Yanalion of the carotene content of some foodstuffs during storage at various temperatures 
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The specimen of amaranth leaves analysed lost 37 per cent and 44 per cent of 
carotene after storage for 6 days at 0°C and 20°C (room temperature) respectively, 
while after only two days’ storage at 37°C , the corresponding loss was about 67 
per cent The cereals examined, cholam and wheat, lost 40 per cent and 30 per cent 
of carotene respectively in 2 months’ storage at the room temperature 

The pulses, roots and fruits investigated showed a steady %')icrease (1 to 8) of 
carotene content, during varying, and in some cases prolonged, periods of storage 
after a certain point was reached comparatively rapid deterioration of carotene 
occurred Green gram showed steady increase (1 to 8) even up to the 79th day 
White potato showed increase of carotene during 2 months of storage, after which 
deterioration commenced Tins development of carotene followed by deterioration 
seemed to take place more rapidly at higher temperatures, and the upper limit 
to which carotene formation proceeds appeared to be considerably lowered at such 
temperatures (note the figures for orange ]uice) Tlie late of the development of 
carotene and of its deterioration m any given food-stuft during storage wdl probably 
vary according to its state of maturity 

It is interesting to note that the carotene content of some common root 
vegetables (radish, turnip parsnip, etc ), and of fruits like oranges, preserved 
under mild or cold climatic conditions may steadily increase until the point at 
which the materials become putrefied and unfit for consumption 

In conformity with Duggar’s (1913) findings, the interesting fact was noted 
that green tomatoes preserved at the room temperature reddened on ripening, 
while those preserved at 37°C ripened with a yellow colour When some of the 
yellow fruits were returned (from 37°C ) to storage at room temperature, they 
turned red, rapidly It is probable that the higher temperature suppresses the 
formation of the red pigment lycopene Further studies on this point are in 
progress 

Summary 

1 The carotene content of some 80 Indian vegetable food-stuffs has been 
estimated using a modified spectrophotometric method 

2 Development of carotene, consequent on storage, was observed to take 
place in some non-leafy vegetable foods, such as roots, pulses and fruits Synthesis 
of carotene appears to continue until long after harvesting or plucking Ultimately 
deterioration occurs 

3 The carotene content of some non-leafy vegetables which are generally 

consumed fresh did not appreciably alter during a reasonable period of storage 
under ordinary conditions ° 

4 A leafy yegetable (amaranth) showed a marked loss of carotene after one 
or two days’ storage, the loss bemg more rapid at higher temperatures 
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A COMPARATIVE STUDY OF SOME PROPERTIES OF 
CAROTENE AND LYCOPENE 


BY 

N K DE 

{From the Nutrition Research Laboratones, I R F A , Goonoor ) 

[Received for publication, January 2, 1936 ] 

The systematic assay of carotene in food-stuffs has become an important 
problem m nutrition, smce carotene can fulfil the physiological functions of 
vitamm A (Moore, 1930) The methods usually employed for the isolation and 
estimation of carotene are not, however, fully satisfactory By applymg the phase 
tests between petroleum ether or carbon-disulphide (CSo) and alcohol of suitable 
strengths, and by adsorption on CaCOj, the active hydrocarbon pigment carotene 
can be isolated from the associated inactive non-hydrocarbon hpochromes 
(chlorophylls, xanthophyUs, rhodoxanthm, fucoxanthm, etc ) No satisfactory 
method, however, has yet been devised for separating the active factor from its 
inactive red isomer lycopene Hence, difficulties are encountered m the analysis of 
substances which contam an appreciable amount of lycopene, e g , ripe tomatoes, red 
chillies and some varieties of fruits and vegetables The only method of effecting 
separation in such cases is to resort to repeated fractional crystallization, made 
possible by the fact that lycopene is less soluble than carotene in all the carotenoid 
solvents Such a costly, lengthy and tedious method can be of little use m routme 
work The characteristic properties of the two pigments, hitherto studied, which 
may be serviceable m distmguishmg them, are differences in colour, solubility and 
position of absorption bands (Palmer, 1922) Solutions of lycopene have a somewhat 
brown tone in comparison with similar solutions of carotene CS 2 solutions of 
Rcopene are characterized by their bliush red colour which persists even m great 
dilution, while solutions of carotene, m the same solvent, change to a yellowish red 
colour Both show two or more absorption bands in the visible region of the spec- 
trum, the lycopene bands, compared to those of carotene, lying towards the red end 
The positions of the absorption bands vary from solvent to solvent and a marked shift 
between the two series occurs m CS 2 solutions (Monteverde, 1913 , Wdlstratter, 1913) 
It wn be expected from the above that mixtures of carotene and lycopene will give 
different positions of absorption maxima, dependmg upon the proportions of the 
J, MR ( 949 ) 8 
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individual pigments , no woric, however, has lutherto been carried out on this 
question Besides the few properties stated above, there exist no other means to 
diffeientiate l 3 mopene from carotene The behaviour of the former towards the 
mineral acids, vaiious adsorbents and reagents has not yet been studied, although 
some data in the case of carotene are available (Palmer, loc cit ) 

The present mvestigation v as undertaken to comiiare the action of some reagents 
and adsorbents on carotene and lycopene, and to observe whether the difference in 
the positions of their absoiplion bands can be made use of in developing a technique 
for estimatmg the pigments separately when they occur together 


Prepahation op the pigments. 

The International Standaid Preparation of carotene (1932) was used for all 
studies made on carotene The specimen consists mainly of j3 carotene (League of 
Nations Health Orgamzatiou, M 20, June 1932) Lycopene was prepared from 
fully ripe (red-skmned) tomatoes Five frmts weighing about 400 grammes were 
minced and the ]mce squeezed out The solid materials were extracted tivice 
with alcohol and thrice with CS>, the extracts being rejected Rmce carotene is 
much more soluble than lycopene, this treatment should remove all or almost 
all of the carotene present leaving behind only pure lycopene The lycopene was 
then extracted (with CSj) from the residue and purified, by the usual procedure 
applied for carotene It proved impossible, by fractional crystallization, to remove 
any carotene from the lycopene solution, possibly because the pigments were 
not present m sufficient quantities Separation of carotene from lycopene, 
however, was effected by the foUomng procedure, revealed during preliminary 
studies The CSi solution was shaken w itli on amount of dry and finely powdered 
hlgO, not quite sufficient for complete adsorption , the major portion of the lycopene 
was adsorbed on the agent, while any carotene present remained ivith a 
little Ivcopene m solution The pigment was dissolved with acetone, dried up 
under reduced pressure at low temperature, redissolved in CSo, and the process of 
fractional adsorption repeated thrice The final solution was made up to 50 o c 
m CSi The solution siiowcd the characteristic bluish red colour of lycopene and 
appeared tn be sufficiently pure . its purity was subsequently venfied spectro- 
graphically The concentration was, however, much reduced owing to considerable 
wastage during the processes of purification The solution of lycopene was 
preserved m the dark (with a little In droquinone to prevent oxidation) until 
required for cxammation 


Comparative studies on carotene and lycopene 

The actions of a few leageuts and adsoibciits on the two isomeric hydrocarbons 
were then studied The observations were only quahtative The solutions of 
carotene used contained 4 6y of carotene per c c of CSo A part of the prepared 
lycopene solution was brought to approximately the same strength (4 8y per c c ) 
by diluting it to a similar depth of colour In order to make a rough comparison 
between the properties of the two pigments, equal amounts of the reacting materials 
were added to equal quantities of the individual pigments The results of the 
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studies on colour reactions are set out in Table I and those of the studies on adsor- 
bents in Table 11 — 


Table I 

The colow reactions of c&itain reagents with caiotene and lycopene. 


State of the 
pigment 

Reaction with 
carotene 

Reaction noth 
Ivcopene 

Dry or alcoholic 
solution 

Weak blue 
colour 

Blue colour 

do 

do 

do 

dOf 

Nil 

mi 

do 

Weak blue 
colour 

Blue colour 

do 

mi 

mi 

do 

mi 

mi 

do 

mi 

mi 

Dry 

Green colour 

Green colour 

do 

Blue colour 

Blue colour 

do 

do 

do 


Reagents 


1 Cone HNO„ 


2 Cone HjSO* 


3 Con HCl 


4 Sulphurous aoid 
(drv) 


5 Formic acid 

6 Phosphono acid 

7 Oxaho acid 


8 Feme chlonde (Con 
solutions) 


9 Arsenic tnchlonde 
(pure) 


10 Antimony tnchlonde 
(m CHClj) solu 
tions 


Remarks 


Lycopene compared 
to carotene ap- 
peared to show 
slightly deeper 
colour reactions 
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Table II 


The behavwiir of carotene and lycopene toioards certain adsorbents 


\umbor of 
observations 

j 

Adsorbent 

Carotene in 
eSa aointion 

Lycopene in 
Ci% solution 

Kemakks 

1 

MgO 

Adsorption 

Adsorption 

Lycopene in general 
showed greater affin 
ity for adsoiption 

2 

AlaOa (alumina) 

do 

do 

thin carotene on all 
the adsorbents used 
The adsorption 

3 

CaO 

do 

do 

seemed to be accom 
panied by oxidation 
m some cases and 

4 

Ca(OTI), 

1 

do 

do 

the destruction of 
Ivcopene appeared to 
be more rapid than 

5 

CqCI^ « 

do 

do 

that of carotene 

b 

CaCOt 

No adsorption 

No adsorption 


7 

[ CoSOa 

do 

do 


8 

] 

Femo snlphnto 1 

1 

Adsorption and 
j oxidation 

Adsorption and 
oxidation 


9 

Silver acetate 1 

1 

1 do 

do 

1 


10 

PliS 1 

‘ 1 

do 

[ 

1 do 


11 

Bn (OH)a 

! Adsorption 

Adsorption 


12 

BaCIa . 

do 

do 


13 

Phosphotnngslic 

acid 

Adsori>tion and 
oxidation 

1 Idsorption and 
oxidation 


14 

HgCla 

do 

do 

1 

i 

15 

Clmrooal 

do 

do 

1 


10 

Silica 1 

1 

Adsorption 

1 

1 Adsorption 

i 
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It mil appear from the above tables that there is no fundamental difierence 
between the two pigments as regards the properties studied A pomt of importance 
was, however, revealed, namely, that lycopene compared to carotene had a greater 
afl&nity for adsorption, and showed shghtly deeper colour reactions It is mterestmg 
to notice that the adsorption affimties of the two pigments are the reverse of then 
relative solubihty , lycopene is less soluble than carotene m all the carotenoid 
solvents It therefore appears possible to isolate carotene from lycopene by 
repeated fractional adsorption or chromatography on a suitable adsorbent (Table II) 
This general conclusion is supported by recent reports of Schon (1936) and GiUam 
and Heilbron (1935) In a chromatographic study (on AI2O3 as adsorbent) of the 
carotenoid hydrocarbon pigments, extracted from 15 kg of some Portuguese fruits, 
Schon observed a new zone (red, narrow and shaip), ]ust above the carotene zones 
This he found spectrographically to be due to lycopene Gillam and Heilbron, 
conducting similar studies, detected a new pigment, lycopene, m some samples of 
Danish butter Chromatographic analysis has, however, similar disadvantages to 
those of fractional crystallization Up to the present, therefore, no satisfactory 
simple method has been devised for assaying carotene when it occurs 
simultaneously with lycopene 


YaiKiUons in the values of {extinction coefficient for a one per cent 

solution in a one cm cell) for carotene and lycopene in different solvents 


Kecently, Gillam (1935) claims to have isolated carotene (jS isomer) in a purer 

form than has hitherto been obtained , this specimen gave = 2,200 in 

chloroform and 2,500 in petroleum ether It is thus established that, as the absorp- 
tion bands of the carotenoid pigments vaiy from solvent to solvent, so do the values 

of ^ In chloroform solutions lycopene showed = 2,000 

(Gillam, loo cit , and Pummerer, 1935) Similar values for carotene and 
lycopene m other solvents have not yet been reported A study was undertaken 

of the variation m the values of for the two pigments in various 

solvents, particularly in CS2 and petroleum ether which alone can be used in the 
phase tests Equal fractions of the CS2 solutions of carotene and of lycopene, 
were kept overmght m the dark (with a little hydroqmnone) m separate flasks 
and allowed to dry up spontaneously The residues were dissolved m equal 
volumes of petroleum ether (B P 40°G to 60°C ), chloroform, and carbon 
bisulphide and examined spectiqphotometrically The value of the extinction 
coefficient at the region of maximum absorption, m each case, was determmed 
Since the concentrations of the various specimens of either pigment were identical 

it followed that the value of must be proportional to the observed 


extinction coefficients Assuming provisionally that = 2,200 and 2 000 

(Gillam, he cU ) represent the values for the chloroform solutions of pure carotene 
and piue lycopene respectively, the corresponding values for CS2 and petrolLm 
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ether solutions were calculated from the observed data The results are set out in 
Table III •— 

Table TII 


Variations in the values ofVt — foi caiotene and lycopene in 

diffeient solvents 


Pigment 

1 

Solvent 

Bcfractivo 
indev of 
the solvent 

Bogion of 
max 

absorption 

Observed 
evt coef 
at the 
rcpion of 
maximum 1 
absorption 

Calculated 
values of 
per cent 

1 cm 
in round 
numbers 



Pctroloinn other (B 

1 357 

4,520 

126 

2,600 



P 40°C to G0°C ) 





Carotene 


1 





(International stan ■ 


Chloroform 

1449 

4,620 

1 10 

2,200 

dard preparation, 

i 






1932) 1 

1 

Carbon bisulphide 

1 628 

4,820 

0 82 

1 

1,600 

1 


r 

Petroleum other 

1357 

4,740 

0 80 

2,300 



(B P 40*0 to 





Lycopene 


CO’C) 





(Prepared as stated 


Chloroform 

1419 

4,800 

0 70 

2,000 

above) 

' 








Carbon bisulphide 

1 628 

6,080 

0 50 

1.400 


Ether and alcohol solutions of the pigments were not studied Accordmg 
to Kohl (1902) and others, quoted by Palmer {loc at), identical spectra are 
obtained m solvents of the same refractive mdices (ether, petroleum ether and 

alcohol have similar refractive mdices) values for alcohol and ether 

solutions of carotene and of lycopene will thus be the same as those obtamed 
for the petroleum ether solutions 

Absorption photographs were taken with a Hilger’s medium-sized quartz 
spectrograph E316, m conjunction with a rotatmg sector The source of light 
was a spark between tungsten-steel electrodes excited at 15,000 volts The 
liquid containers were 1 cm quartz cells The short wave ultra-violet rays were 
cut off by filtering them through a thick transparent glass plate 

Speotroqeaphio studies op mixtures op carotene and lycopene 

The absorption spectra of pure carotene and lycopene m carbon-disulphide 
solutions were first investigated The observed bands for carotene were at 6,130, 
4,820 and 4,620 A U and those for lycopene at 5,480, 5,080 and 4,740 A U The 
maximum absorption of the solutions was at 4,820 and 6,080 A U respectively , 
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these figures agreed closely with those reported by GiUaru and Heilbron {he cii ), 
Schon {loo cit) and others It can thus be theoretically expected that in 
carotene-lycopene mixtures the position of maxunum absorption ■null vary between 
4,820 and 5,080 A U, accordmg to the proportions in which each pigment 
IS present 

The possibihty thereby arises of ascertanung the proportionate composition of 
carotene-lycopene solutions by means of the position of maximum absorption. 
The absorption spectra of a few known mixtures of carotene and lycopene m carbon- 
disulphide solutions were studied Mixtures of carotene and lycopene contaming 
the latter m 20, 40, 60 and 80 per cent proportions showed maximum absorption 
at about 4,870, 4,920, 4,980 and 5,050 A U respectively figures which agreed 
roughly with those theoretically expected 

It was difficult, with the spectrograph used (Hdger E316), to observe small 
differences m absorption maxima, and some mixtuies appeared to show almost 
continuous absorption m the region concerned, thus making it difficult to locate 
correctly the position of maximum absorption It is possible that with an instru- 
ment of higher dispersion more accurate readmgs could be obtained A further 
complication is that carotene exists m food-stuffs in difierent isomeric forms (Kuhn 
and Lederer, 1931 , Kuhn and Brockmann, 1933), which show shghtly different 
absorption bands (Morton, ho eit ) In most commqn vegetable food-stuffs, however, 
carotene appears to be present mainly m the jS form (Mackinney, 1935 , Strain, 
1935) 

Considering the difficulties of the biological method of assay, and the fact that 
no simple chemical or physical means have yet been devised for assaying carotene 
in foods containmg both carotene and lycopene, it seems that the method here 
described may be of some use for rough carotene assays m the case of such foods 
It is possible that with finer mstruments a more accurate techmque could be 
developed The author has used the method for roughly estimating the carotene 
content of ripe tomatoes and red chfilies, which are rich m lycopene The results 
are given in an accompanymg communication (De, 1936) 


SUMMAHY 


1 Carotene and lycopene behaved similarly towards the various reagents 
and adsorbents used In contra-distinction to their relative solubilities, the former 
showed greater affinity for adsorption than the latter The difference m their 
adsorbability establishes the possibility of a chromatographic separation between 
the two pigments 


2 The mtensity of absorption of the two carotenoid pigments has been 

observed to vary from solvent to solvent The values of for carotene 

and for lycopene in chloroform, petroleum ether, and carbon-disulphide solutions 
practicaTie^^^™^*^*^ present state of knowledge these figures may be of 

3 A rough spectrographic method of estimating carotene m the nresence of 

fcSrr* o,*developme.t, a'ndCrp“ v1 
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ACTION OF LUGOL’S IODINE SOLUTION ON THE 
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Kalnins (1928) tried to tluow light on the action of thyroxine on the heart 
and showed that it has no influence on the excitability of the autonomic nerves 
of the heart of the trog, both the vagus and the sympathetic bemg unaffected 
Later on, Priestley, Markowitz and Maim (1931) showed that the rate of hearts of 
thyroxinized rabbits when perfused and the hearts of thyroxunzed dogs when used 
in the heart-lung preparation was considerably greater than normal, and the tachy- 
cardia of experimental hyperthyroidism was not dependent on the central nervous 
system but on a peripheral mechanism Simultaneously, Yates (1931) also found 
the same result in rabbits and was of opmion that tachycardia developed m these 
cases was due to thyroxme actmg on all parts of the heart-muscle fibres Experi- 
ments in the hands of these workers have proved beyond doubt that thyroxme, 
whether excessively secreted in the body as m Grave’s disease or administered for a 
considerable period to a healthy animal, acts as a highly toxic substance to the 
muscle of the heart, leadmg to tachycardia and various irregularities associated 
with dilatation of the heart 

Eor some tune past Lugol’s lodme solution m 10 to 15 minim doses, twice or 
thrice daily, has come into use as a therapeutic measure m hyperthyroidism to 
lower down the basal metabolic rate temporarily so that the patient, as a rule, 
stands the operation of partial thyroidectomy much better Iodine medication 
IS also supposed to prevent the post-operative crisis which otherwise often occurs 
with fatal results 

How iodine acts in these cases is not definitely known Marme (1922), 
however, considers that the admimstration of iodine results in the accumulation of 
colloid material m the alveoh of the thyroid gland leadmg to increase of pressure 
in the vesicles, and thereby interfering temporarily with the passage of thyroxine 
(active secretion) into the blood, which is responsible for the lowering of the basal 
metabolic rate considerably To ascertam if adnunistration of iodine solution in 
small amount has any action on the heart under the toxic influence of thyroxine 
this investigation was taken up ’ 


( 957 ) 
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Explanation of Figures 1 to 8 

Fio 1 Thyroxine in Biuall quantity producing slight increase in the rate of the heart with 
disappearance of the auricular complex ivliich again reappeared on perfusion inth Ringer’s 
solution 

„ 2 Lugol’s iodine solution making the irregular heart (thyroxmizcd bv repeated subentaneons 

injections) normal The lioight of contraction came down bj substituting Ringer for 
Lugol’s iodine solution 

„ " Lugol’s iodine solution making the thyroxinizcd irregular heart, after direct perfusion of 

tlnroxino solution, normal 

„ 1 The irregularity reappeared on stopping Lugol’s iodine solution nhich rendered a thvrosi 

iii/cd heart regular Lugol's iodine when re started caused the irregnlanty to disappear 
again 

„ 6 Action of Lugol's lodmo on a normal heart showing distinct slowmg with increased amphtude, 

which became normal agam b\ replacing the dnig with Ringer 

„ 6 Potassium iodide solution caused onh a temporarj improvement on the thjwoxinued heart 

„ 7 Lugol’s iodine solution impartmg some amount of regiilantv to the extremely irregular 

and slow' heart caused by simultaneous perfusiou with ttisroxme and potassium iodide 
solution 

„ 8 Lugol’s lodme solution when perfused along with thyroxme solution was less effective than 

when perfused alone, in resuscitating a thyroMiiizcd heart 
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ExPJiRIMENTAL 

A perfusion apparatus containing three bulb funnels with stoppers and stop- 
cocks, connected to one another by india-rubber tubing (fitted with clips) and 
Y-tubes, was set up so that they could be opened separately or jointly as required 
The first funnel contained the simple perfusion flmd which was modified Einger’s 
solution (Macleod, 1930), the second, a solution of thyroxine in the same solution 
and the thnd, Lugol’s iodine solution oi potassium iodide solution made similarly 
The level of the flmds in all the funnels was kept the same so that the perfused heart 
was all tliroughout subjected to the same fluid pressure The rate of the perfusion 
flow was also kept fanly constant (35 to 40 drops per minute) throughout all the 
experiments 

Frogs were used for the expciiment The heart was perfused tlirough a cannula 
introduced into the mferior vena cava and the flmd after perfusion was let out 
through a cut m the aortic arch 

Thyroxine used was sodium-thyroxine, B P (Burroughs IVellcome) and the 
strength of the solution varied from 0 005 to 0 01 per cent Tabloids were well 
powdered in a mortar and modified Ringer’s solution was added slowly up to a 
certain strength As some insoluble moiety settled down in a few minutes, the 
solution was centrifuged and tlie supernatant clear solution was diluted up to the 
required strength This solution was sometimes injected repeatedly at half an 
horn’s interval into the dorsal lymph sac and sometimes perfumed directly mto the 
heart to bring it under the toxic influence of the drug, leading to irregular action of 
the heart 

The perfusion of Lugol’s iodine solution diluted with modified Rmger’s solution 
(0 05 to 0 5 pel cent) ivas started later on to note the pharmacological action of the 
drug on the thyroxiuized heart Some normal hearts vere also perfused to note 
the effects, if anv, of iodine solution m small doses on the heart Later on potassium 
iodide solution of tlie same strength as Lugol’s iodine solution (diluted) was also 
tried alone in order to ascertain if the effects of Lugol’s iodine solution on the 
thyroxinized heart were due to the potassium iodide content of the solution or they 
aie produced by iodine dissolved in potassium iodide solution 

The following results are based on about fifty perfusion experiments on frog’s 
hearts thyroxim-ied previously by repeated subcutaneous injections or by direct 
perfusion for some time into the heart 

Results 

Thyroviiie solution wlien perfused for a short time only (5 c c of 0 01 per cent 
solution) produces slightly increased rate until giadual disappearance of the auricidar 
complex of the contraction, which reappears on perfusion uitli Rmger’s solution 
(Fig 1) 

Repeated injections or direct perfusion for some time (about half an hour) 
leads to irregularity of the nature of grouped beats Fig 2 slious the appearance 
of such irregularity after three subcutaneous injections of 1 c c of 0 01 per cent 
solution of thyroxine at intervals of lialf an hour The heart was then perfused 
with Lugol’s iodine solution (0 5 per cent, 10 c c ) when the irregularity disappeared 
completely and the heart, to all intents and purposes, became normal Later on 
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Lugol’s iodine solution was replaced by Rmger’s solution with the result that the 
height of contraction came down 

Fig 3 shows that perfusion of 2 5 c c of 0 05 per cent solution of Lugol’s lodme 
removed'completely the uregularity produced m a heart by direct perfusion with 
0 01 per cent solution of thyroxme for about 25 minutes 

Fig 4 shows the efiect of 15 c c of 0 6 per cent solution of Lugol’s iodine in 
removing the toxic efiect of thyroxme, which reappeared on stoppmg the Lugol’s 
solution On re-startmg the lodme solution the heart again became normal 

Fig 5 shows the action of 5 c c of 0 05 per cent Lugol’s lodme solution on a 
normal heart which was slowed down with increased force of contraction When 
Lut^ol’s iodine was replaced by Emger’s solution the heart became qmcker again 
with diminished amphtude 

Fig 6 shows the efiect of 0 02 per cent solution of potassium iodide on a 
thyroximzed heart There was shght improvement for a short period only, after 
which the heart became irregular agam 

When 0 005 per cent solution of thyroxme solution was perfused along with 
0 02 per cent of potassium iodide solution there was no improvement , the heart, 
on the other hand, became extremely slow But when 0 02 per cent Lugol’s lodme 
solution was started some regularity was imparted to the extremely slowed heart 
under the mfluence of thyroxme and potassium iodide solutions together (Fig 7) 
When 0 02 per cent LugoTs iodine and 0 005 per cent thyroxme solutions were 
perfused together the heart became very slow but fairly regular On stoppmg the 
former, irregularity was noticed but when LugoTs lodme solution was started agam 
the irregularity disappeared and the heart once more began to beat slowly with 
some degree of regularity (Fig 8) 


Discussioh 

It 18 not desired to enter into any discussion regardmg the nature of the action 
of thyroxme on the heart, which has been explamed by other workers referred to 
in the beginmng of this paper Experiments m the author’s hands showed that 
thyroxme in small doses leads to an mcreased rate of the heart with disappearance 
of the auricular complex If the toxic action of the hormone contmues for some 
time (as by repeated mjections or direct perfusion mto the heart) it becomes irregular 
with grouped beats, this irregularity disappearmg completely on admimstratiou of 
LugoTs iodine solution The same is not without effect on the normal heart as 
well, and the action manifests itself as slowing m rate with mcreased amplitude 
As to which constituent of the LugoTs lodme solution, the solvent or the solute is 
responsible for the action on the thyroximzed heart, it has been definitely proved 
that potassium iodide has only a very temporary effect (if any at all) m removing: 
the toxic action of thyroxine on the heart If on the other hand, perfusion with 
Lugol s loihne IS carried on along with that of thyroxme solution, the resuscitating 
action of the former on the heart is less evident ° 
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Tliyroxme m small doses increases slightly the rate of the heart with diminished 
auricular complex When the hormone is allowed to act for some time the heart 
becomes irregular with grouped beats 

Lugol’s iodine solution can remove completely this toxic effect of thyroxme 
and make the heart regular The potassium iodide content of the Lugol’s solution 
IS not responsible for this action 

So Lugol’s lodme treatment in hyperthyioidism improves the condition not 
only by lowering the basal metabobsm (the mode of action is obscure) but also by 
countcractmg the toxic effect of the hypersecretion on the heart to a considerable 
extent 

My thanks are due to Mr. H N Banerjea of the Department of Physiology, 
Prince of Wales Medical College, Patna, for occasional help m carrying out tins 
experiment 
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Working witli non-ansestlietized albino rats, Con (1926) found that the rate 
of absorption of glucose from the gastro-intestmal tract was constant and mdepen- 
dent of the concentration and the amount of glucose given Rats from 120 grammes 
to 180 grammes m weight, starved for 48 hours, were fed concentrated glucose 
solution by stomach tube The animals were then lolled after a smtable mterval, 
the gastro-mtestmal tract was removed, and the amount of reducmg substance 
present m the almientary tract was determined The difierence between this and 
the amount of glucose given represented the amount absorbed durmg that interval 
of tune The absorption coefficient, that is the amount of glucose absorbed per hour 
per 100 g body-weight, was 0 178 His findmgs m general have been confirmed 
by further works on similar hues by Con and his associates (1925 to 1929) and also by 
Auchmachie, Macleod and Magee (1930) Usmg the techmque of surviving intestme 
suspended in Tyrode’s solution, Auchmachie, Macleod and Magee (loc cit ) found 
that the rate of diffusion of glucose into the bath flmd was constant from 
hour to hour Macleod, Magee and Purves (1930) foimd that the optunum con- 
centration was 0 75 molar glucose solution Usmg a modified Con method, Magee 
and Reid (1931) m unamesthetized rats, anEesthetized cats and rabbits found that 
the absorption coefficients were 0 167, 0 021 and 0 033 respectively with 0 76 molar 
glucose Then cats and rats were fed by glucose solution by the stomach tube, 
while the rabbits received then glucose with mjection mto the duodenum It was 
also found that the absorption coefficients mcreased with mcreasmg concentration 
of glucose solution fed up to 0 76 molar, but diminished with further increase of 
concentration Percentage mcrease and decrease of the absorption coefficient 
with varymg concentration of glucose, though small, was found statistically to be 

( 963 ) 
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significant Trimble, Carey and Maddock (1933) using Con’s metbod found 
the absorption coefficient to be 0 099 m dogs 

But Pierce, Osgood and Polansky (1929) using the same method found that 
the rate of absorption depended on the amount of glucose present in the intestines 
and consequently fell oii during the second and subsequent hours Con et al (1929) 
pointed out that this was due to the insufficient amount of glucose fed to contmue 
absorption at the ongmal level Burget, Moore and Lloyd (1932) and Mackay 
and Bergman (1933) using Con’s method with a feed of sufficient glucose reported 
similar falling off of the absorption coefficient with tune The latter workers also 
found that the absorption coefficient varied significantly with the concentration of 
glucose solution fed This brief resume shows that unanimity of opinion about 
this important matter has not yet been reached All workers in this field agree 
that absorption of glucose is a vital process but the rate at which it is absorbed and 
the factors which influence it are as yet not clearly understood The experiments 
in the present work have been carried out in two groups A and B to determme — 

A The absorption coefficient of glucose from the intestinal tract of amyta- 
hxcd cats 

B The influence of insulin on such absorption, if any 
Group A The absorption op glucose from the intestinal 

TRACT OP AMYTALIZED CATS 
Methods 

Cats betv ecu 1 5 kg to 3 kg v eight were used They v ere kept under observa- 
tion for a few days and fed until miilv, fish and sufficient nee They were fasted 
for 24 hours before being used for the experiment Longer fastmg reduces the 
rate of absorption of glucose (Con and Con, 1927) Water uas allowed ad hbitum 
The cats u ere anoisthetized with amytal about 0 09 g per hg mtraperitoneally 
Aiiffisthesia uas complete unthin fifteen to thirty minutes After aniesthesia was 
complete the abdomen was opened by a median incision from the xiphoid process 
to the symphysis pubis Ligatures were applied at the duodeno-pyloric and the 
ilcocffical junctions The superior mesenteric vein was exposed in its bed for collection 
of blood The cut ends of the abdominal panetes were apposed with clips and all 
exposed surface covered with hut moist with warm normal sahue One hour after 
this operation 02cc to03cc of blood was taken from the superior mesenteric 
vein in an oxalated tube The glucose solution at room temperature (28°C to 
31 4°C ) was then introduced mto the duodenum with a fine needle and a cahbrated 
Record sjumge The concentrations of the glucose solution used were 5 g , 10 g and 
20 g per cent Samples of blood w ere taken periodically for blood sugar estimation 
After a suitable interval, usually between 1 and 2 hours, the mesenteric vessels were 
tied and the small intestme w’as removed The outside of the intestme w as washed 
rapidly under tap w’ater The whole procedure from ligaturing the mesenteric 
vessels to the washing of the outside of the intestines did not take more than one 
minute The intestme w’^as then opened along the mesenteric border, the contents 
w'ere collected in a beaker The opened mtestme was then thoroughly wxashed with 
distilled water, usually about 300 c c , until the last washmgs were free from reduemg 
substance The contents and w^ashmgs were nuxed and the amount of reduemg 
substance in it was estmiated The amount of glucose absorbed was found by 
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subtracting the amount present in the mtestmes from the quantity given The 
contents of the large intestine were examined in each case for the presence of reducing 
substance Except in one case (not included in the result) the large intestine did 
not contam any glucose 


Analytical jyi^oceduie 

Benedict’s quahtative reagent was used to detect the presence of reducing 
substance The estimations of reducing substance (glucose) in the protem-free 
gastric and intestinal contents were done by the Benedict’s method (Peter and 
van Slyke, 1932) The protems were precipitated by heatmg the washings to the 
boiling point and then acidifying with a few drops of 10 per cent acetic acid A few 
drops of 10 per cent calcium chloride were also added to complete the precipitation 
Blood sugar was estimated by the method of Folin (1926) and by the method of 
Hagedorn and Jensen (Cole, 1933) 

Cordrol expciiments 

1 The dose of amytal i equired to ancesthetize cats — Amytal (Eh Lilly & Co , 
Ltd , New York) was used as an anaesthetic as it has been shown by Page (1923), 
Mulinos (1928) and Deuel et al (1926) and others not to cause any disturbance in the 
carbohydrate metabolism The dose of 0 05 g per kg , as recommended by the 
manufacturer, was found to be inadequate to produce complete anaesthesia 0 09 g 
per kg always produced anaesthesia within 16 minutes The condition of the 
ammals remained satisfactory for 3 or 4 hours as judged by respiration and pulse 
rate 


2 Reducing substance in the stomach and intestines of fasted animals — In ten 
control experiments no reducing substance was found by the Benedict’s method 
either in the stomach or in the small mtestine of the cat fasted for 24 hours 


3 Effect of anoBSthetic and operation — The blood sugar tends to rise for one 
hour after an operation under anaesthesia Within one hour it attains its maximum 
and remains almost at that level for one or two hours, as the protocol of one of the 
typical experiments will show 

25th August, 1933 Male cat, 2 5 kg 
Amytal, 2 5 g at 11 a m 
Operation completed by 11-30 a m 
Blood sugar at 11-32 am 0 117 per cent by Folin method 

„ 12 noon 0 131 „ 

„ 12-30 pm 0 188 „ 

» 1pm 0 188 „ 

Evans et at (1931) have also reported a gradual but small increase of blood 
sugar for the later hours after amytal 


Results 

Experiments with 10 per cent glucose solution given mtraduodenally 
Die amount of glucose injected into the duodenum was apnroximatelv 1 a- 
per kg body-weight The duration of absorption varied from 90 to 105 mmutes 
j, Ala 

9 
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'riie Jesuits aic iwouled in Table J The .^vcr.l^rc absoiption coefficient was 
0 0480 

It -was fuitbcr obscivod that the averajfe fastnifi blood sugar of aniesthctwod 
and opeiated cats, one hour aftci ojjciation, was 0 1 13 pei cent The average blood 
.sugar, one liour aftci intradiiodenal glucose (1 g pei kg hod\ -weight given in 10 
pel cent solution) was 0 2‘Ifi per lent, a use of about 108 percent 6\or the fasting 
le\ el 

The piotocol of one of ihe tciiical e\pei inieiits is gii on below — 

7th Decenibej, lb II Evpejiinent No 2 

UfaJe cat ‘i 65 kg 

10- 30 a 111 3 0 c( of 10 pel cent aim tal intraperitonealh 

11- 5 am Dpeiation was coniploted 

12- 20 }i 111 First sample of blood taken glucose 3 318 g m 10 

pot cent solution intradiiodeiialh 

The expeiiiiiont tcimiiiiifcd at 2-5 }> in 


2- 50 

p 111 

Blood siigai 0]]3 per cent 

2-50 

j) 111 

0 J71 

1-23 

j) in 

0 214 

1-50 

p 111 

0 225 



T\iin ] 


/fuO of <il)'~oi pltoji of film of 10 pa (ciil sfiein/lli fwm (ho mall 

intosinio of (otf. 


J \|i( rum nt 

lltlllllx 1 

\ 

Vi i ight 
j III 1 e 

i 

Mi'iuridion 1 
jicrioti III 
iniiiiilos j 

! 

Oliicnoo 

"ivrn 

HI <; 

1 

Glnro'o 
rt 1 o\ ered 

1 III g 

1 

Glucose 

nlisorbecl 

1 in cr 

1 

1 

Glucose 
absorbed in g 
jicr 100 g 
bofh iieiglit 
j per hour 

1 

1 

cT 

2 27 

'HI 

2 0-JS 

0 5(1 1 

1 1 
1 

' 1 481 

1 

i 

1 0 019 

*2 

cT 

5 (V> 

1 

nr. 1 

^ 1 MS 

1 2(iS 

. 2 OSO j 

1 

0 0,121 

17 

rO 

2 0! 

<>-, j 

1 88S 

' 0 121 

1 in4 i 

1 

: 0 0480 

IS 

. <r 

2 71 

on 

i 

2511 

' 0 r>25 

1 

' 1 osn ' 

' i 

00181 

'i'lieie 

«ns ooiisiilpinlilo feml 

inn (Ur in 

tbo sin ill 

jiifpsfim 

'Ibia bus not been tnten into 


n< ( (Hint III 0 lie 111 OiUK tlir' luci i<:p 


Eapotimeni nUh 20 pn cent yhicobe solulwn — The amount of glucose given was 
aiipioximalelv 2 g ])ei kg The duration of the cvpeinnont caned from 90 to 130 
minutes The icsults aio lecoided m Table II The aveiage absoiption coefficient 
>vas 0 038 foi t]io ontue groiiji or 0 034 for the male cats only 
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Table II 


The Kite of absoiption of qhicose of 20 po coil stioiqth fiom the small 

intestine of cats 


Experiment 

number 

Rex 

1 

lYeight 
in he 

' 1 

Absorption 
period in 
immites 

1 

1 

Glucose j 
given 
in g 

i 

! 

Glucose 
recos ered 
in g 

' Glucose 
absorbed 
in g 

1 Glucose 

'ibsoibed 111 g 
pel 100 g 
bodi n eight 
per boil! 

21 


^ 3 00 

1 

05 

i 

5 5S0 

1 4iir 

1 464 

1 0 030S 



1 2 50 

130 

4 650 ' 

2 553 

2 097 

; 0 03S7 

■*3 

p 

2 10 

90 

3 906 

2 300 

1 606 

0 0506 

42 

cT 

! Sn 

70 

3 34S 

2 b51 

j 0 697 

0 0320 

1 


Experiment with 5 pei cent glucose — The amouiit of glucose injected was about 
1 g per kg body-weight The duiation of absorption varied from 60 to 100 minutes 
The results are recorded in Table III The average absorption coefficient was 


0 031 for the entire group 


Table III 


The late of absoiphoii of glucose of 5 pet cent stioigth fiom the small 

iiitcshne of cats 


Experiment 

number 

Sex 

1 

Weight 
in kg 

i 

Absorption 
period in 

1 iTiinntes 

1 

' 1 

Glucose 

given 

111 g 

Glucose 
recoi ered 
in g 

Olucoso 
absorbed 
in g 

Glucose 
ibsorbed m g 
per 100 g 
body weight 
per hour 

« 

? 

1 2 

100 

1 116 

0 357 

0 759 

0 038 

25 

? 

148 

68 

0 651 

Nil 

0 651 

0 038 

39 


2 27 

60 

1 628 

1 034 

0 594 

0 026* 

40 

? 

2 65 

77 

2 290 

1 299 i 

0 991 

0 024 

41 

? 

2 04 

00 

1 660 

1 064 

0 596 

0 029 


* There A\ere mnn\ worms in the intestines 


Group B Effect of insulin on the absorption op glucose prom 

THE small intestines 

Methods 

The experiments were done exactly in the same way as the previous groups of 
experiments but the ammals in these experiments received a dose of insulin eithei 
1 unit per kg of body-weight subcutaneously (group A) or 0 5 umt per kg nitra- 

sSriiiteSine ghicose solution was injected into the 

The results are recorded ip Table IV, A and B, 
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TJie average absorption coefficient in group A is 0 041 and that m group B 
0 0196 The average absorption coefficient of both groups is 0 04 

It was furtlier obseived that the a^e^age post-operative fasting blood sugar of 
these animals was 0 117 per cent and the average blood sugar, one hour°after 
inlraduodenal glucose (1 g jier hg body-v eight in 10 per cent solution) vith 
siinultaneous injection of insulin (1 to 0 5 unit per leg body-weight) was 0 111 
[)(*i cent, a use of 12 per cent over the tasting le\el 

The protocol of one of the t\pic.d evpenments is given below — 

1st Felnuaiv, 1934 Experiment No 13 
Female black cat 2 47 kg 

O-fb a 111 Ani'vtal 2 4 ec of 10 per cent solution intraperitoneally 

10- 10 a in Operation was completed 

1 1- 20 a m First sample of blood taken glucose 2 297 g m 10 per cent 

solution intraduodenally 

II -2b am Insulin 2b units subcutaneoush Blood was taken at 
half hourly intervals 

The expel iiiient was terminated at 12-bO p m 
Easting lilood sugar 0 11b per cent 
^ hoiii aftei gliKOse blood siigai — 0 Ibh per cent 
1 hour .iftei gltuose, Idood sugar — 0 170 per cent 

Tahie IV 


Effrcl of nis)ihn nv llic mlo of absotplwn of 10 prr cent (jhicosr from the 

•^mnU of rah 

A 


KxiiDnmeiit 

niimijor 

Rp\ 

oiglit 

III I R 

I 

\bsorpfion 
penod in 
' tnmuto^ 

1 

Glucose 

iu c 

1 

Glnrose 
roc<)\ f-red 

111 g 

1 

Glucose 

ib«orbcd 

1 )" g 

Glucose 
absorbed m g 
per 100 g 
bod\-v eight 
per Iionr 

1 ( 

? 

2 47 

00 

2 2')7 

! 1 

1 0 753 

1 

1 1 544 

: 0 0415 

14 

cf 

2 00 

<10 

I 1 800 

0 C24 

1 1 

1 1 236 

1 

0 0412 

15 


1 S“. 

i 100 

1 720 

0 427 

; t20} ’ 

0 0419 

1(. 


107 

O'. 

2 790 

1 400 

1 390 ! 

t 

0 02Sfi 
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Control experiments with insulin but without intestinal glucose were pciroimccl 
to find the effective doses of insulin given either subcutaneously or intiavenously 
It was found that both 0 5 unit and 1 unit dose per kg subcutaneously rcdm cd 
blood sugar to the same extent Blood sugar tended to fell even after 90 ininiites 
Percentage fall in the case of I unit dose was slightly higher than the percentage 
fall in the case of 0 5 unit dose 

Intravenously insulin lowered blood sugar within 6 minutes in 1 unit doses luili 
with both doses the percentage tall attained its maximum within half to one hour 

Subsequently the blood sugai tended to use 

Results are recorded in Table V — 


Table V 


Effect of insulin given subcutaneously o) intiavenously on blood sugai of cals 


Experiment number 



1 

1 

; 1 

Initial 

blood 

sugar 

I’l.KCb'.TACE FAlili OF ULOOD 

1 VTERVALS 

SLGAR AT 

Units of m=ulia per 

1 tg 

y 

oc 

0 to 10 
mts 

20 to 30 
mts 

\ 

40 to 50 
mts 

! 

1 

60 to 65 
rats 

1 

so to 90 
rats 

120 

rots 

to 

5- t suboutaneouslv 

I 

0 100 ' 


1 

0 

1 

1 

1 

50 

67 


u 

? 1 0 5 „ ' 

0 105 


14 2 

1 

I 

1 45 7 

6] 

i 

1 

12 

? j 1 

0 115 


7 


40 

63 

S8 

27 

? j 1 mtrarenousb 

0 070 

26 

50 


I 



2'1 

cf 1 0 7 „ 

0 102 


25 

45 

' 50 

1 

1 

42 



Discussion 

Macleod et al {loc cit ) found that the rate of transfer of glucose from the intes- 
tines was maximum with a 0 75 molar solution of glucose Magee and Reid {loc cit ) 
latei on reported that this ivas also the optmium concentration of glucose foi absoip- 
tion from the gastro-mtestinal tract of rats, cats and rabbits The solutions of 
glucose used by them m different species of anmials were 0 5, 0 75, 1, 2 and 3 molar 
Results of the present work also suggest that there is an optimum concentration 
tor the absorption of glucose The concentrations of glucose used were 0 27 molar 
(0 per cent), 0 55 molar (10 per cent) and 1 1 molar (20 pei cent) and the 
absorption coefficients were 0 031, 0 0486 and 0 034 respectively Apparently the 
optimum concentration for absorption of glucose lies between 0 55 molar (as in 
tliese present experiments) and 0 75 molar (as found by Magee and Reid) 
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Cou and Con (1928) reported that insulin even in very large doses had hardly 
any eftect on the absoiptjon coefficient of glucose in rats Injecting 15 units of 
insulin per 100 g of bod} -weight, they found that the average absorption coefficient 
was only 5 9 pei cent nioie than the absoiption coefficient of glucose in the rats 
without insulin The lesiilt of the present work shows that insulin injected m 
1 to 0 5 unit pel kg of liody-weiglit does lou er the absorption coefficient from an 
a\ crage of 0 0<12 to 0 040, i e , about IG 0 pei cent This dose of insulin (1 to 0 5 
unit pel kg body-weight) pioduced a 50 per cent fall of blood sugar in amytalized 
and opeiated cats in one houi Tlic same dose of insulin injected into the anresthe- 
ti/cd ojierated eats into the (luodcniim of w'hich animals glucose (1 g per kg bodj"- 
w eight 111 10 pel cent solution) was simultaneously introduced did not produce any 
fall of blood sugat m one hoiii The average blood sugar, in these cases, at the 
end of one lioui, wms 12 pei cent ovei the prc-msulm fasting level The post-glucose 
use of blond sugai in an<cst!icti/od cats, which did not receive insulin, was 108 
pel cent iner the fastmir lev<4, one hom aftci intraduodenal glucose (1 g per kg 
bod} -weight m 10 jiei cent solution) This shows that insulin in tins dose had its 
usual action on the carboln diate metabolism of the cats which recened glucose 
intiatluodeiialh .il the same time Dining such an action of insulin, the absorption 
toelhcient of glucose is slighth lowcied The a\ crage absoiption period of Con’s 
animals was 240 minutes, while the a\ crage absoiption period in the work reported 
heic was 98 numites "Whethei the longer absorption period and the much higher 
dose of insulin (about 150 to tOO times more) used would explain the discrepanc} 
between then results ind oui findings is a problem for further iin estigatiou 
Moicovei, the a\er<ige blood sugar of the ghuose-fed rats without insulin m Con 
and Con s expeiiments was TaS mg poi cent and that of glucose-fed rats with msiilin 
w'as 72 mg per tent which is less than the usual fasting glucose content of blood 
In the cvpenmcnts upoifetl here m msulm-mjccted cats rcccuing glucose intra- 
duodenalK blood sugai did not fall below the fasting lo^cl but was alwavs high"i 
than the fasting lc\el Perhaps a lowcrimr of blood sugar po sc mat influence the 
rate of absoiption of glucose 

V difteicnce m some of the aspects of the metabolism of carbohydrates between 
two sexes has been found to exist m rats (Butts and Deuel, 1933) In some of oiu 
expeiiinonts, too a slight difleiencc in the absoiption coeflicients of the two sexes 
was found Imt the difliienee was alwa\s too small to nnalidate the aAciagc icsults 
Moicovci, oiu expel iments do not include siifliiient animals of both sexes to form 
anv gcneial conclusion 


Sum MARX 

(1) Thcic IS an optimum concentiation for the absoiption of glucose from the 
g.istio-intestmal tiact of cat this lies between 0 55 molai and 0 75 molar 

(2) The avi'iage absorption cocflicicnt of glucose with 0 56 molar solution 
micctcd diicctl} into the small intestine is 0 048 

(3) Insulin iniected simultaneously with glucose lowers the absorption 
cocfhcicnt 

The gieatci pait of the expenses of this research was defra}ed from a grant 
from the University of Haiigoon 
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Historical 

In hsematological investigations, it is almost as essential to know the size of tlie 
red blood corpuscles as it is their number and their total liEemoglobiu content 

Curiosity regarding the size of the red blood cell dates from the days of van 
Leeuwenhoek, and more than two lumdred yeais ago Dr James Jurm attempted 
to give exact figures for the diameters of red blood cells , his methods were, naturally, 
ciude and his results would not have been of much value to the modern lieemato- 
logist , in his first attempt he arrived at a figure that corresponds to 7 75ju,, but 
111 a subsequent attempt he was a little less successful with a figure corresponding 
to 12 5fi Dmmg the next hundred and fifty yeais oi. so, many more attempts 
were made u ith instruments of increasing precision , most of the figures given 
were still well wide of the mark Estimations w^ere always based on a small nuipjier 
of observations , a paper that appeared in the Indian Medical Gazette in 1883 gave 
the diameter of the human erythrocyte based on the measurements of 10 cells, as 
1 3p. to 7 9/1 

Malassez (1889) appears to be the first to have attached any significance to 
the lariations m the size of the individual cells in any one person’s blood and to 
have worked out the mean diameters on a reasonable number of observations 

( 973 ) 
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To come down to the present generation of workers, Piice-Jones’s (1910) 
the voice in the wilderness that piepaicd the way for the coming of the new hsema- 
tology of the present decade , b} Ins technique individual cells are measured and a 
frequency curve drawn, so tliat not only the mean diameter but also the dispersion 
aiound that mean can be calculated Then m 1924 Pijper revived the diffraction 
method of measuring the diamcteis of small objects and applied it to red blood cells , 
\aiious techmques weie elaboiated foi putting tins method on a clinical basis and 
Eve (1928) devised a clieap and simple Jialometer which has been used evtcnsiveh 
111 this countrj It lias been claimed that the mean diameter of tlie cells can be 
estimated with considerable precision and that some idea of the dispersion can 
also be obtained bv the diffraction method (Pijpcr 1935) 

The haiinatocnt vas first introduced in the earh part of this centurc , ajiparenth 
as an instrument for obMatmg the tedium of counting the red cells, but fell into 
disfavour because it was fouiui that the correlation factoi betw'een the \olumcof 
packed cells and their number was not a constant one, or, m othei words for Ihe 
very reason that it is now coming mlo use again as a means of estimating cell ^ oluine 
More satisfactory estimations of coll \ ohmic are, however, obtained by using tubes 
of w'lcler boic and largei quantities of blood B\ this method only the mean cell 
volume IS obtained and there is no indication of the dispersion around the mean 


llAnuMI IHK’ HI IDIM.S 

The theory on which this method is based is perfecth sound and has been 
gcneralh accepted I'kiithor the metliod has been U'^ed evtensnelv b^ British 
woikers and the aceurac} of the findings do not appear to lia\e been questioned 
Maplcstone measured the diameters of 500 cr^ throcytes of each of ten normal Indians 
by Pncc-Jones’s method and found the mean diamcteis to correspond very closcl} 
with the haloinctric readings on the blood films from the same individuals, his 
woik w'as examined statistically In Chaiidhiiri (1953) who agreed that the correla- 
tion WMs a good one In view of these facts wo felt justified m accepting the method 
as a moans of finding out, at least roiighl}, the mean diamcteis of the red cells of the 
normal aiul anajimc poisons that were included in the m\ cstigations reported in 
this series of papers "W hilst noimal mdniduals were being examined the readings 
weie not sufhcientK lemoved fioni the noimal to make us doubt then accuraci, 
Imt immediateh we used the method on bloods of low luenioglobm content we 
found considerable difhculti m making readings and when we made them they 
were frequenth anomalous, that is to say, cells of huge diameter were often asso- 
ciated wuth extreme h} pochroniia, and vice ^ersa In oui earlier papers we ha\c 
icpoited the haloinctric readings, but with some misguings which we exqiresscd 

We took an early oppoitiinit) of checking some of our readings by Pnce-Joiies s 
method m anasimc jiatients m the waj that Maplcstone did with normal Indnins 
For this, samples wxrc taken fiom out aiucmic senes amongst Assam tea-garden 
loohcs , cases w'eie picked at landoin fioiii the patients that we were in\ estigatimr, 
except that we delibeiately included two that showed slight hyperchromia and 
tli.it w'cic thercfoic m all piobalulity also slightly macrocytic, this m fact they 
tinned out to be The routine haloinctric leadings weie made iimncdiately the 
film had dned but the Price-Joness curve w^as drawn fiom the measmemenfcs 
made in Calcutta fiom the same blood slides some months later 
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The figures obtained were as follows — 


Table I 


feeiml 

number 

Mean diameter of 
about 500 cells, 
obtained by Puce 
Jonea's method 

mean of three 
leadings, obtained 
bj’’ using E\ e fa 
halometer 

1 

a 

n- 

1 

7 72 

7 81 

0 1 

1 7 71 

7 70 


7 17 

7 48 

4 

7 13 

7 59 

5 

1 G9l 

7 61 

G 

G 92 

7 27 

7 

1 0 91 

7 67 

S 

! G 21 

7 75 

9 

1 5 9G 

7 56 

10 

5 73 

7 32 

AVFRAOr'' 
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The coefficient of correlation, worked out according to the fornuila 

> = , IS 0 4106 

*/ -^{x-xY ^{y -y) 

This figure is very low and indicates that one or othei inetliod (or both methods) 
IS inaccurate, but it is much higher than one would have expected from a casual 
perusal of the series, and does not give a fair indication of the practical value of the 
halometric readings If we look at the figures from a practical point of view, we 
sec that in the Price- Jones’s series three cases are slightly but definitely micro- 
cytic and three aie markedly microcytic, whereas the halometric readings do not 
indicate that any of these six cases are microcj tic m fact three give a reading 
higher than the mean of the series The fallacies of the Price-Jones’s method we 
shall discuss below, but if allowance weie made foi the maxnnum error possilile 
by the Price- Jones’s method, the coefficient of correlation wmuld still be a small 
one We must therefore assume that, as far as this senes was concerned, the 
halometiic readings were of little value 

Discussion — We fully reahze that by reporting our failuie to obtain satisfacton 
losults with Eve’s halometer we are laying ourselves open to obvious criticism 
w c can already lieai a proverb about workmen and their tools and the remark that 
no method is entirely fool-proot being used against us We can only take a humble 
attitude and say that our conclusion is the result of an honest attempt by two not 
mexpeneuced woikers to make use of a method that has the great advantage of 
being a simple one rapidly carried out 

However, we cannot help feeling that we are not alone in om failuie to obtain 
acciuate lesults with this insHumcnt For example, we notice that American 
workers seldom use the method and many of then most recent books on laboratorj 
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technique make no reference to it In India, the method seems to have foimd 
favour amongst clinicians as a rapid method of differentiating between macrocytic 
<ind microcytic aiicemia, but we firmly believe that it has been responsible for much 
mistaken diagnosis as results are seldom checked b) other methods Eurtlicr, 
Mudaliar and Rao (1932) used the instrument in an investigation into anaemia of 
pregnancy with results that support our contentions they give a halometric reading 
of 4 3 (which corresponds to 7 98/x) for 12 out ot 20 cases m wdiich they used the 
lulometei , m these tw'clve c.ises tlie colour indices varied fiom 1 5 toOG The 
coefficient of correlation between the rolom indev and the halometiic leading in 
the 20 cases wa^- f 0 179 There should be a much closer correlation between 
the colour mdev and the sue of the led cells m this condition 

In another series also leportcd in (Ins .low ml (Hughes and Rhinastas a, 1931), 
theie w’as c\cn less correlation between the colour indices and the halometric 
leadings , in only 1 out of 13 cases of splcnomcgal} was the coloui iiide\ above 1 
wdicieas the mean diameter of the senes, accoidmgto the halometric reading was 
7 77/ii, the smallest mean diametei being 7 32/i That is, in 13 out of 14 cases 
there was hjpochioiiiia associated with iioimabsi/cd or macioi \ tic led cells, a most 
iimisiial finding The con elation cocnitient between the colour indices and the 
cell diamctcis was 0 039 

Wherever la} the fault, we felt that oiii inabiht} to manage tlie halometer 
justified us 111 turning to otlici methods for estimating tlie si/e of red cells 

Price- Jom:s s Mniioii 

Piice-Jones (1933) m liis book docs not give anv elaboiate details of teclmique, 
probably for the reason that it is better for each worker to work out the details of 
procedure accoiding to his special ciicuiustanccs This we did, and in doing so 
encountered certain difficulties that are perhajis w'orth recording 

The films w'cre made from blood taken dircftl) from the finger on slides that 
had first been cleaned by the ordinary routine laboratory piocediire with potassium 
bichromate and had subsequent!} been polished with jewellers’ loiige They were 
dried rapidly in the air and stained with Lcishnian’s stain 

For projection and drawuiig an Edingcr piojcction apparatus was used Fust 
of all it was necessary to ‘ set ’ the apparatus to obtain a magnification of e\acth 
one thousand tunes , this was done In diawmg a yale—a seiies of 16 short parallel 
lines wuth 1 centimetre mtenal between each - on a piece of Biistol board placing 
a stage imcrometci ovci the oil immersion lens, focusing this on to the Bristol 
board, and adjusting the apparatus until the hues on the Bristol board correspond 
wutli the projected scale of the stage micioiiictcr (one culuc rentimetrc corresponding 
to 1 Oft) Hei c the first difficulty aiiscs , if the lines correspond in the centre of the 
field, they wall not do so at the pei iplien and \ ice veisa We adjusted the apparatus 
in such a way that the wliole length of 15 centimetres corresjionded wnth 150/i of the 
stage micrometei 

The place of the stage micrometer is then taken b} the blood film to be 
exaimned A field containing a laiuc numbci of discrete led cells is chosen, 
the focus adjusted so that the outline of each cell is sharp, and these outlines 
are then traced wntli a sharp diaw mg pencil , a fresh area of Bristol board is 
moved under the circle of light, the slide moved, a second field is focused on the 
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Bristol board, and the cell outlines again traced the procedure is repeated until 
at least 500 cells have been drawn 

The longest and the shortest diameters of each cell are measured and the mean 
of the two diameters entered on to the card The easiest way of measuring the 
diameters is by means of a transparent diagonal scale (Te\t-fig 1 ) With this it is 



Tfxt fig 1 

Diagonal scale foi measuring 
red cell diameters (Reduced 
to half original size ) 


possible to measure to the nearest 0 25 millimetre (=0 25ju,) with considerable 
precision The mean diameter of each cell outhne is thus recorded in multiples of 
0 125 of a imlhmetre (lu practice it is only necessary to write the first place of 
decimals, eg, 71 for 7 125 and 6 3 for 6 375, if one remembers subsequently that 
the shelter figure is only a symbol ) If the size of the cell is written on the card 
against each cell outline, it is possible for another worker to check the measurements 
tins we did frequently until we found that there was seldom any disparity between 
the measurements of the two observers 

We then tabulated the measurements field liy field until it was seen that 
the next field would take the number beyond 500 , when this stage was reached 
the next field was divided into segments, of quarters or even eighths (see 
Text-fig 2), and the cells were counted a segment at a time until 600, or just 
over 500, cells had been counted 

It was observed that the cells in the centre of the circle tended to be smaller 
than those at the periphery In order to ascertain the magmtude of this difference 
m the size of the cells m different parts of the field, three circles were drawn, one of 
2 5 cm radius, one of 6 cm radius, and one of 7 5 cm radius, so that the fields were 
divided into three areas , the cell sizes were tabulated according to the area in 
M Inch they occurred as well as according to fields Finally, a combined frequency 
table was constructed by summmg the frequency tables of all the fields from 
oge case 
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Tliuh, fo! wo}) case we liad a full fiequeiicv table of tlie 500 cells, three frequency 
tal)Ies numbered 1, JI and IJI, for cells inside tlie inner circle, for those between 
the mnei and middle cnclos and for those boi ween tlie micldle and outer cucles 
respectivelv, and five or more (12 m one case) frequency tables for the separate 
fields, denoted ns \, B, C etc In addition tliree combined frequency tables in 



and into itmnciiti. (or llio loimtai" of appro\imuteh tlio coritci 

iiumtc- of ceils (({ciluced to ixliout tliui quurters onmnal sire ) 

whicli all the cells fioiu alB the cases oiouped accoidmg to tlie aicas in uhich they 
occurred, I, II oi III, ivcic piepaicd 

The mean the standaid deviation, the standaid eiioi, and the square of the 
standaid enoi foi each of these gioups of cells was calculated (see Protocols I 
ind II) 

* Nmo onh aro iiultulcd ns m one case tho mngniliciition was not e\netlv 1 000 times and the 
correction could be applied oiiiv to the hnai fimires 
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Vniiahons in the dmmelei of the cell outline accoidDiq to the distance 
flow the centie of the field 

Table II shows the mean, standard deviations, etc , of air cells, iriespective of 
the cases to which they belong, in each of the difterent areas, I, II and III It will be 
seen that the mean size of the cells mcieases from within outwards, and that the 
differences between any two are significant, the difference between I and It being 
2 62 times the standard error of this diffeience, between I and HI 7 52 times, and 
between II and III 7 54 times 


Table II 


Areas 

I 

11 

! Ill 

1 

Nuinuer ot cells 

504 

1 546 

i 

! 2,464 

Alean diameter 

6 59ja 

6 73/1 

‘ 6 97/1 

Standard deviation 

±104-) 

±1020 

1 ±1 126 

Standard error i 

±0 0406 

±0 0260 

±0 0227 

(Standard error)^ 

0 002172 

0 000670 

0 000516 


It IS thus apparent that the difference between the mean diameters of the 
cells m the different circles is a real one If the cases are considered separately 
(Table III), it will be seen that though the diffeiences are fairly constant, they are 
not always statistically significant, this is what one would expect where smaller 
numbers are mvolved 


Table III 


Showing the mean diameteis of the cells falling in diffeient areas in the field 
and the significance of the diffeience hetueen different fairs 


AIfan diameteb in different 

ADFAS, IN MICRONS 


Rignificance of DIFFEEFNCEs 


1 1 

1 

IT 

III 

I and 11 ' 

' 1 

I tnd ITI 

11 and in 

1 

D4 1 

7 68 

7 61 

7 88 


s 

s 

35 1 

6 81 

7 09 

7 35 

9 

s 

s 

32 

618 

6 05 

6,11 

— 

0 

s 

42 

5 74 

3 86 

6 14 

0 

R 

s 

B 

7 36 

7 63 

7 89 

0 

R 

R 

41 

1 5 62 

6 76 

5 74 


0 



29 

6 79 

7 04 

7 45 

0 ! 

s 


33 

6 66 

6 83 

7 10 

6 

s 

1 

56 

6 82 

6 80 

6% 


0 

; *5 


— = Negative difference 
0 = Positive differenoe bnt not ‘ significant ’ 
s = Difference more than twice standard error, i e , ‘ significant ’ 
S = „ „ three times standard error, i c , ‘ vevy 

significant ’ 


* Nine onlv are included as in one case tlie magnification uas not exactly 1.000 times ana 
coii-eition could be applied only to the final figures 

J, MR 


10 
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Thjs difference in the size of tlie magnification at the periphery and at the 
centre of the field is what one would expect, but it does not seem to have been taken 
into consideration by othei workeis The distance of the cffawing paper from the 
lens of the eye-pieee (No 4) was almost exactly 25 cm , measured vertically , by 
a simple geometrical calculation we decided that the image at the periphery of the 

field would be / — ■ ^ or 1 044 times the size of the image at the centre 

That is to say, if a cell was 7 0 millimetres at the centre it would be 7 0 x 1 044 or 
7 308 millimetres at the periphery Now the actual mean difference in the sizes of 
the cells in area I and area III are greater than 0 308, wheicas it should be less, 
as we were not measuring only the cells at the centre and peripherj^respectivelj, 
but all the cells in the tno areas It is apparent therefore that the calculation we 
made was not correct, and on further consideration — and after consultation with our 
colleagues {vide note by Dr Raja) — we realized that to calculate the exact figure a 
Icnowledge of optics grcatci than we possessed was necessary 

The eye-piece micromctci scale was made to coirespond with the drawn scale 
on the Bristol boaid between points at the periphery of the field, or as near to it as a 
sliaip focus could be obtained , if a circle is drawn to divide the whole field into two 
equal paits, it w’lll cut the 7 5 cm radius of Ihc field at a point 5 3 cm from the 
centre, and it is also at this point that the magnification is exactly correct, that is 
midway between the magnification at the periphery and at the centre, thus there 
will be as many cells— all slightly too large— outside this dividing circle astlieiewill 
be inside it, the latter being all slightly too small, and the mean size of the cells of 
the whole area will be unaltered, but the dispersion will be slightly greater than 
it should bo 

In this senes of measurements no seiious error has to be corrected but the 

fact that there is a difference between the magnification at the centre and at the 

periphery is not emphasized by writers on the subject of cell measurements and, 

if the magnification is adjusted to be correct at the centre then cells m the outer 

half of the fields should not lie included , oi, converselv, if the magnification is 

adjusted to be correct ovci Ihc whole diameter of the field, all the cells in the field 

and not merely those in centre must be measured 
* \ 


Variahans m the me of the red cells in different paits of the film 

In order to complete the DOO cells it wms necessary to take m each blood film 
from 5 to 12 fields, according to the nature of the film In normal films we have 
found that no difficulty is experienced m including an average of 100 disciete cells, 
but m films from anannic individuals it is often difficult to find fields with as many 
as even 50 cells in them In this series there were very few fields containing less 
than 10 cells , the largest field contained 124, and the average was about 70 cells 
per field 

111 four cases, the mean sizes of the cells m the different fields m the same film 
fell within a range of 0 36/i , that is to say, if the mean size of the cells m one field 
was as high as 7 27/t, m no instance in the same film was the smallest mean less 
than 6 91ft In the other six cases the range wxns 0 COft, 0 76fi, 0 80/t, 0 Sl/t, 0 95ft 
and 1 36ft , m this last instance the largest mean was 8 46fi and the smallest 7 10ft 
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Wc adopted two motliods to test llic significance of tlie differences between tlie 
means of the larioiis fields in each slide In the first method wm compared each 
mean with each of the other means from the same film, adopting the criterion for 
significance suggested by Price-Jones (1933), namely, that the difference betw^een 
the two means should be three times the standard erroi of that difference (calculated 
as the loot of the sum of the squares of the standard error of each mean) The 
number of pairs of means m the 10 cases investigated varied from 66 (m the case 
where there were 12 fields) to 10 (in the case where there were 5) 

In four cases, in which there were, respectively, 10, 10, 21 and 66 pairs of 
fields for comparison, there was m no instance any significant difference between 
any two pairs , of the lest, the numbei of pans in which there is and is not a signi- 
ficant difteience aie as follows — 


Niiitibpr 

1 

Total number 
of nairs 

Difference 

signihcant 

Difference not 
significant 

43 

1 

1 

36 

i 

9 

1 

27 

B 

1 1 

1 21 

i 

8 

1 

13 

29 

1 

5 

10 

65 

16 


9 

t 

33 

21 

1 

i 7 

14 

44 

15 

6 

1 ^ 


The other method that we adopted w as working out Fisher’s ‘ t ’ for each 
individual field by the foimula — 

’ = ~ 

s 

V^rT 

where d is the difference between the mean size of the red cells m the field and 
tlie mean size of the red cells m the whole film (assuming that the mean of the 600 
cells measured is the mean size of the cells of the whole film), ^ = the standard 
delation (the root pf the variance divided by w — ] , not by n) and n the number of 

cells m the field , that is, is the standard error 
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Table IV shows liow the fields ni each slide are arranged according to the 
probability of their being fair samples of the cells of the slide m which they 
occur — ^ 


Table IV 



In one case there is no evidence of the operation of any factor other than the 
error of random sampling, in three cases there is one field in each vhich falls outside 
the 20 to 1 point of probabiliti , and m each of the remaining 0 cases one field or 
more falls outside the 100 to 1 point of probability Or, if v e consider the 74 fields 
as a whole, m 02 the moan diainotor of the cells docs not dcAuate sigmficantU 
from the mean of all the cells m the film in whidi they occur, m 22 the mean 
IS significant!}^ dilTcrcnt judged on the 20 to 1 level of significance, and m 15 the 
mean is significantly difieront judged on the 100 to 1 level of significance 

Thus, whichever ua> \\c judge these figures ne must conclude that theie is 
some factor, othei than the eiioi of landom sampling, operating, and that in the 
majority of these cases the mean diamcteis of the red cells m fields in diffeient 
parts of the same blood film are not equal "What this dillerence is due to we 
can only guess , possibly it is due to the wav the film is made e g , to the larger 
cells being drawn to one cud of the film , this is a point v e have made no 
attempt to investigate The observ.ation does houever shake one’s confidence 
a little m the metliod as a means of .isceit.uinug the euict sue of red cells m 
anaemic subjects, as conditions that opeiate at one part of the film may operate 
over the whole film and even the counting of bOO cells might not give one an 
accurate idea of the real size of the cells Furthei, it shons that the moasiuemenl 
of cells in one field only may lead to von gioss eriors , foi e.\ample, in case ‘ B ’ 
the mean of the red cell diametei m one field deiiated born that of the whole 
500 cells counted by 0 76/i, adnuttedly, this n as an isolated instance and in the 
whole series the next largest deviation was only 0 65 

Our object in undeitakmg tlus analysis was to see if it would be possible to use 
the Pnee-Jones’s method as a routine exammation for patients under special 
investigation We have not timed ourselv&s accurately, but we do not believe 
that we have ever taken less than fi hoiiis to complete the dianing, measurement 
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and tabulation of 500 cells This makes tbe method entirely unpractical for regular 
use, but we felt that it nught be possible b}"- counting a smaller number of cells to 
get' a sufiiciently approximate degree of accuracy for practical purposes In very 
few instances (m our senes) in any field was the standard deviation more than ±0 9, 

so that, employmg the formida ‘ f ^ and taking ‘ f ’ as 2, which for numbers 

v/ n 

above 30 means that P = 0 06 (i e , 20 to 1), we hiid thar d, the deviation of the 
mean of the sample from that of the population, ivould not be greater than ± 0 254 
when 50 cells were measured, oi ± 0 180 when 100 cells were measured An error 
of ± 0 254 Avould not be a serious one in most instances and from a reading with 
only this error one coidd certainlv see if a blood u as either definitely macrocytic 
or definitely nucrocytic 

However, in view of the fact that the erior of random samphng is not the only 
error operating, it is apparent that this degree of approximation cannot be attamed 
by takmg the cells from one part of the film only On the other hand, if all the 
cells m a field 'are not taken then caie must be exercised about their selection, in 
Anew of our observation regarding the difference between the size of the cells at the 
centre and at the periphery 

To summarize, if a reasonable degree of acciiracv I’i expected from the employ- 
ment of Price- Jones’s method of ascertamiug the mean size of the red cells, at least 
10 fields should be included and they should be taken at different parts of the film 
In our senes the average number of cells in a field of 7 5 cm radius was less than 
100, but Ave can take tins figure as an average foi the sake of discussion If the 
degree of accuracy required will be aciueved by measuring about 100 cells, then a 
oucle with a radius of 2 5 cm must be drawn in the centre of the field the magnifica- 
tion adjusted to a thousand times for the diameter of this circle only (it wiU not be 
the same as for the whole field) and the cells falling within this circle only draAvn 
and measured , if there are 10(t cells withm a circle ot 7 5 cm there wdl be 11 within 
an area of 2 5, so that ten fields Avoidd give over a hundred cells If a greater degree 
of accuracy is required and 500 cells are to lie counted, the circle could be increased 
to a radius of 5 2 cm and the magnification again adjusted for the diameter of this 
larger circle 

The great value of the Piice-Jones’s method of cell measurement is that it 
gives not only the mean but the dispersion around that mean In certain circum- 
stances this information is required, but for the diagnosis of a case of anaemia 
it IS seldom a matter of great importance and as it absorbs so much time it cannot be 
adopted as a routine measure in climcal practice Ave therefore found it necessary 
to explore other methods of ascertaining the size of red cells 

The pacjced-cell method of estimating cell volume 

When we started our investigation this method had not come into general use 
It was referred to in most of the American books on laboratory technique, but 
at that time British workers a\ ere scarcely using it at all We felt that there must 
De some reason for this hesitation to adopt a method Avhich seemed to be based on 
common sense, but so fai Ave haim not been able to discover aa hat the objection 



9S6 Hwimtologiml Studies in Indians 

to it was However, during tlie last two years more and more British woikcrs have 
adopted this method 

One of the first difficulties is the anti-coagulant Heparin and hirudin arc the 
most satisfactory, but they are expensive and therefore cannot be used foi routine 
work A convenient anti-coagulant is potassium oxalate This salt, however, 
causes a contraction in the red cells and if it is used a ‘ factor ’ must be introduced 
into the calculations to obtain the true cell volume 

The ‘ NORMAL ’ CORPUSCULAR VOLUME IN INDIANS 

Unfortunately in our earher investigations which have been reported m this 
Jouuud (Napier and Das Gupta, 1935) we relied on the halometnc readings and 
did not estimate the cell volume In view' of this fact w e thought that we ought 
to supplement our observation on ‘ normal ’ individuals, reported in the above- 
mentioned papers, by making observations on the ‘ normal ’ cell volume in Indians 
The subjects w'cre nearly all doctors, some being members of the staff of 
the school, others post-graduate students A few' laboratory attendants and 
menial servants weie included Oui original intention had been to include at least 
50 pel sons in this sciics but circumstances (the departure for Europe of the junior 
wuiter) made it necessary to limit the scries to 30 AVe used potassium oxalate as 
the anti-coagulant, 2 mg per cubic centimetre of blood, the exact method we 
adopted ivas as follow's — 

Wc prcpaied a 10 per cent solution of potassium oxalate and of this we placed 
0 1 c c into each of a number of 25-c c Erlcnmejcr flasks , these wc placed foi a 
short tinio into a hot air stcrili/jci until the water had ciaporated anti 10 mg of 
diy oxalate was left m each tube These flasks cm be kept for almost any length 
of time , wdicn the estimation is to be made exaeth 5 c c of blood is added to the 
flask which IS then placed flat on a tiblc and a circulai movement maint.imcil for a 
few' mniutcs m oidei to cnsuie complete mixing Tlic blood is then tiausferied 
lapidh to a gradn.ited tube suitable foi jilacmg m a centrifuge The tubes we used 
W’crc tlic graduated tubes supplied with tlic Hellige normal hannometer, oi smaller 
tubes which contain 2 cc of blood and are gnidiiatcd to 0 02 cc — the latter will 
go into any centiifugc, the former icquiro a deep bucket The exact amount of 
blood m the tube must lie noted bcfoic ceutrifugali/ation as a certain amount of 
evapoiation may t ike place It is also impoitant to jnit m a rubber cork to pic\ cut 
this as far as possible The tube is jilaced in a centrifuge doing at least 2,500 
icvolutioiis pet minute .ind centufuged until the column of red cells icmams con- 
stant , little change will he found to take place a ftci twenty minutes but we usuall} 
centrifuged foi an lioui The leading is then taken and the cell volume recorded 
as a percentage of the total blood volume, this is the uncorrcctcd volume and 
has to be multiplied by .i factoi 

The (Icgiec of shniil.afjc of Ihe ud cdh an addUtoii of onihle — -Theic seems to be 
some diftciencc of opinion between dilTerent obscivcis on this important ([uestion 
Osgooil (102()) sajs that with this amount of oxalate (2 mg jicr c i of blood) the 
cells shrink '3 5 per cent, wheicas AVmtrobc (1932) gives the figure as 8 2 pei cent 

(n oidei to test this point wc caiued out a number of double estimations with 
hcpaiin OI hiiudiii and oxalate It is assumed tliat neither heparin nor hirudin 
causes an) coutiactioii in the sue of the icd cells Using heparin as the control 
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m 7 cases we got a mean figure of 6 86 per cent for the shrinkage with oxalate, 
and in 10 oases where hirudin was used m the control estimations 9 19 per cent 
if the 17 cases arc taken together, 7 94 per cent is the shrinlcage This is very 
close to Wmtrobe’s figure of 8 2 per cent, and as our numbers were small we have 
accepted Wintrobe’s figure and liavc taken 1 09 as the factoi by which we multiply 
out readings The figures we obtained with hirudin, heparin and oxalate are given 
m tabidar form in Table V — 

Table V 


Senes 

‘ Hepanu ’ ^ 

‘ Hirudm ’ 

Both 

Kumbor in senes ! 

7 

10 

17 

Jlean hsoinoglobm m grammes 

H 790 

15S00 

' 15 770 

Rfean red blood rorpuscles in 
nnUions 

Cell volume per cent 

i 5 600 

i 

5 512 

5 552 

Ovalatod i 

1 46 010 

1 47 260 

46 740 

Ovalated X I 09 (i e , corrected) | 

50 150 

51 510 1 

50 050 

- - Tlepann or Inrudm ' 

Mean, corpuscular volume in cubic fi 

j 50 050 

1 50 740 

i 50 450 

Osalated (corrected) 

1 80 550 

t 93 450 

91 770 

Heparin or hirudin 

89 380 

92 050 

90 870 

Mean corpusculai li'emoglobm myy 

28 090 

28 600 

28 400 

Mean corpuooulai iia.moalobm 1 
concentration (corrected) 1 

31370 

30 670 

30 970 


Exp'esmii of lesull as absolute figures — The calculation of the volume index' 
presents exactly the same difficulty as does that of the colour index, only in -thh' 
„ former 'case'the difficulty seems rather more pronounced The normal cell'volume 
IS variously reported by Campbell (1922) as 40 per cent, by Gram (1921) as 42 per 
cent, by Haden (1932) as 45 per cent, by Capps (1903) as 48 per cent and by Larrabee 
(1911) as 50 per cent, to q[uote a few writers , there is also a considerable variation 
111 the figures given for the normal red cell count We have obtained a higher 
figure than all these, viz , 50 6 per cent, but then our figure for red cells, viz , 
5,540,000, IS also higher than the figure usually given The expression ' volume 
index ’ thus becomes meamngless unless at the tune the standards of normality on 
which the figure is based are also given As this is hable to lead to confusion we 
have decided to adopt a plan that seems to be gaimng popularity and to give our 
results as absolute quantities, the mean cell volume in cubic microns, and the mean 
corpuscular hsemoglobm m micro-micro-granimes A third quantity, the mean 
corpuscular hsemoglobm concentration, is necessarily a percentage figure ' 
Discussion on findings — Our findings m the 30 cases are analysed m Table VI 
There are one or two points that seem to call for comment In the first place, 
both the hsemoglobin percentage and the red cell count are higher in this senes 
than in the previous senes The difierence in the haemoglobin in the two senes is 
definitely ‘ significant ’ The method we used was the same m each case , the 
populations examined must therefore be different Actually, the two samples were 
drawn from much the same source, but m the present series there were only two 
menials, both of whose hsemoglobin percentage happened to be high , in the other 
senes there were 16 memals m a total of 50, and their inclusion was an important 
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fictoi an lowering the mean hsemoghbm level in the series In tlie present 
senes the mean red cell count was distinctly higher though the difference is not 
‘ significant ’ statistically The mean corpuscular haemoglobin for each individual 
count was not calculated m the fiist series, but the mean of the whole senes was 
27 56 yy , in the present senes it is 28 53 yy with a standard error of ± 0 422 , 
it IS appal ent therefore that the difference between these two means could 
not be ‘ significant ’ unless Ihc standard error of the first senes happened to lx 
less than ± 0 254, a verr unlikely contingency (vide note by Dr Raja) 

Taull VJ 


lliiimlologiml fimhnqs tv 30 uoimal Indian 
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i 
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i 



Mean coipusoular Ii'cmoctlobin in r>30 
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Moan coipusciilii li'oraoglobiii <.nn 11 070 
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1 


1 


14 10 1 

1 

■ J 

28 00 

1 20 


The second point is that the mean corpusculai volume is rather higher than 
the figure given as normal by British and American workers, and as a corollarj the 
haemoglobin concentration is distmcth lower 'Wmtrobe s (1932) figures are — 
Mean corpuscular volume 87 cubic /i 

Mean corpuscular h.cmoglobm 29 577 yy 

Mean corpuscular lucmoglobiii eonccntiation 35 per cent 

The possibilit} that the blood samples weic iiKomplctely centrifuged has lo 
be considered Howc^cr, an efficient clectiic centrifuge was used and cciitrifuga- 
Iization was usuallj^ continued for at le.ist an lioui from time to time the samples 
w'ere placed m a largei centrifuge whuli attains a speed of 10,000 revolutions per 
mmute and no fmlher seltlcment was c\ei notned, so that an} error due to the 
centrifuge factoi was lediiced to .t minimum Wc lunc subsequent}}’’ used the 
same centrifuge, tuining <il the same speed, foi all our estimations m aiifemit 
patients, The question of the effect of the speed of the centrifuge on the complete 
ness of packing is one that needs furthci investigation I7e do not consider that 
it IS quite sufficient lo sai that centrifuging must be continued until no further 
settlement occurs 

It IS interesting to note iJial <dthongh the coefficient of vaiiation of the 
haimoglobm estimations and packe<l-( <‘11 \ohunc aic 5 80 and 5 98, respectu elv, 
the coefficient of lanation of the mean coipusculai hasmoglobin coucentiation is 
onl}' 3 86 , this is apparent h a faiilv constant factor m health 
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Cell-volume estimations in ‘ normau ’ Assam tea-garden coolies 

Similarly, m our normal standaids for tea-garden coolies we did not include 
cell-volume estimations Circumstances did not permit us to repair tins deficiency, 
in an entirely satisfactory manner 

We were not ourselves able to undertake another senes of controls , the few 
that we did would be of no value as the estimations were mostly made when wc weie 
testing the method in geneial, and the centrifuge in particular In our investiga- 
tions m anaemia cases, we used the packed-cell method of estimating the sue of the 
red cells, and many of the patients were followed up for some weeks after their 
blood comits had returned to figures that weie within the normal range foi the 
(oohe population, m 34 cases the haemoglobm was within or above the ‘ normal ’ 
range, that is to say, it w^as not less than 10 grammes in men oi 9 grannnes in women 
in these cases the treatment had been concluded at least one month and in some 
instances 21 months when the estimation was made The figures for these 34 
cases are given m Table VII — 


Table VII 


ffwmatological fitidtngs %n 34 tea-gaiden coohes 
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1 
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1 
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! 

55 51 
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( 

1 
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1 
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1 1 
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1 

1 ±2 38 

Mean corpusculai hemo 

l M 

38 37 
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^ 32 74 

f ±2 88 
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\ 




per cent 

1 I 

18 54 

22 79 

33 07 
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In this series the mean cell volume is strikingly low , the mean cell hiemoghbm 
IS also low, but the lucmoglobin concentration is about normal These patients 
had all received a thorough course of iron which seems to have brought the concen- 
tration of Ikemoglobin m each cell up to capacity , therefore the low hajuioglobm 
content is due to some otliei factoi lhat influences the si/e of the cells It is obvious 
that these figures cannot be accepted as ‘ normal ’ even for the coolie population 
and further investigations will have to be made ’ 

Summary and coNCLusIo^s 

Different methods of measuring red cells arc discussed 

In the wiiters’ experience, the halomctric method is of no practical value 
The opinion is expressed that the method is responsible for many errors m cbagnosis 
m this countr} 

The Price- Jones’s method giving as it does not only the mean sue of the red 
cells but the dispeision around that mean, is a valuable and accurate method, but 
IS extremely laborious The method was used m 10 cases of anannia and the results 
MCie analysed certain fallacies that do not seem to have been discussed by other 
writers were noted The possibility of reducing the labour involved sufficiently to 
bring the method withm a practical sphere is discussed and a procedure, suggested 
by the wi iters’ experience, is outlined The method is not however considered to 
lie a practical one for general use, even for a research laborator} 

The packed-cell method of estimating cell volume is discussed The method 
adopted by the wTitcrs is described They used potassium oxalate (0 2 per cent) 
as the routine anti-coagulant, and in a trial m 17 cases, m which hirudin or 
heparin woie used m the controls, they found a shiinkagc of 7 94 per cent In 
view of tins finding they h.ivc accepted 'Wintrobc’s hgure of 8 20 per cent, and 
have adopted ins proceduie of multiplying the cell-volume readings b> the 
factor 1 (i9 

The cell volumes, together with the total led cells and the lucmoglobin m 
grammes per 100 t c , of 30 appaiently-hcalthy city-dw clhiig male Indians were 
cstimatccl, <iiid the lesults, expressed m absolute figures as the mean corpuscular 
volume, the mean coipuscular lucmoglobin and the mean corpuscular hrcmoglobm 
concentration, aie sumniarucd in tabular foim The mean and standard deviation 
for these three (juantitics was w'oikcd out, and it is shown that the mean corpusculai 
volume IS Ingliei than the Piitish and Amciican standards, and that the mean 
luemoglolnn conceiiti.ition is low'ci On the other hand, the cell volume amongst 
the Assam coolie pojmlation is strikingly low, but in this case the subjects were not 
uuscleclcd, being i ccoveied aiucinic patients , this point w ill liav e to be m\ estigated 
furtlicr 

The geneial conclusion ai rived at is that the packed-cell method of estimating 
cell volume is a simple and accurate one, and absorbs practically none of the worker’s 
time , it supplies nc.uh'''' all the information regarding the size of the red cells that is 
requiicd m a routine blood examination The fallacies, other than those connected 


♦ K lias l)tcn stiott II til it 111 it( holm i( jniiaditc the ixd sills nre Ihitkcr than noiinal and a similar 
01 0])]msitc diiinj'c mii\ oi iiii iii olhci ilisuises, to show this, both the mean diameter and the menu 
corpusculai volume would have to be nsiertninul 
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with maccuracics m the giaduation of the tubes, are due to the shiinkage of tlie cells 
ou addition of the anti-coagulant and to the speed of the centiifuge , the formei can 
be overcome by using a constant quantity of oxalate and multiplying the leading 
by a factor, and by using the same centrifuge at the same speed for all one’s estima- 
hous, both 111 normals and m ana3mio patients, eriors due to the latter can be lediiced 
to a nuiiiinum The question of the effect of speed of centnfugali/ation seems to 
require further mvestigation 
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[AjIc — A s ncithci wiitcr cl unis to be an nutliority on ststiblicsl nulliodb UlL^ handed ilioir 
pipci- to Di K C K E Rija, Otficuiting Pioltbsoi ofStitisticb it the All Indn Institnic- of Hvenne 
and Public Hcvltli, Cvkutta, for li s o|iirii(m Ins icj oit is gi\ on bclon 

Both the bcnti nceb that Dr Raja critici/cs hue now bttii modified to meet hib cnti(i-,m — L E N] 


(A'olc bp Di A C A ]j Raja ) 


1 On page 982, it is stated that the image of the red blood cell at the 

periphery of the held is or 1 044 tmics the sue of the image of a cell 

at the centre I have consulteci Prof P C Blahahinohis, Professor of Physics 
at tlic Presidency College, and am mfoiined that the image at the periphery will 
be larger than at the centre but, m the case of a complex system of lenses as in 
a microscope, the relationship in si/ie between the two images cannot be ex- 
pressed so simply as you liave done The makers rvill probably be able to 
provide the necessary mformation for calculating the enlargement in si/e 
Perhaps, for your purpose, it is enough to indicate that the si/es will not be 
equal and leave out the estimation of the enlargement ab the periphery 

2 On page 988 it is stated that ‘ the mean corpuscular hsemoglohin foi 
each individual was uot calculated lu the first series, but the mean of the 
whole senes was 27 56 yy , in the present series it is 28 53 yy with a staudaid 
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error of ± 0 422 , it is appareut therefore that the difference between these two 
means cannot be “ significant” ’ 

ISvidcntly, the staudaid crroi of x 0 422 i elates to tlic mean of the second 
senes and not to the difference of the means of the two senes The statement 
l.liat this difference, namely 0 97, is not significant can be true only if the 
standard eiioi of the mean of the first series does not fall below ± 0 2538 This 
IS on the assiiinptioii that the same samples in the two senes are of fairly large 
size and taking twice the standard iwroi as approMinately representing the 
5 per cent level of significance 

Except foi the two remarks made above 1 consider that the conclusions 
arrived at Inn c been based on a satisfactory statistical tieatment of the data 

Iv C Iv JC Raja 
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THE USE OF TAPIOCA IN IMMUNIZATION WITH 
SN4KE VENOMS 

]iY 

Captain S M K MALLICK mb, mrcs, mrcp bph, 

Tvqmiij unde) the Indian lieseaich Fund As'fociation 
{From the Cenlial Beseaich Institute) 

[Rpceived for publication, Janiiaij 7, 1916 ] 

The immunization of horses for the production of antivenene has been carried 
out at this Institute for over thirty years by the use of solutions of the dried venoms 
of the Indian cobra and the daboia, unaltered by any method of detoxication or 
by the addition of any substance employed on account of its (non-specific) adjuvant 
action 

The ordinary course of immunization employed for many years consisted m 
the mjection of progressive doses of the tivo venoms at 10 days’ interval commencing 
with a dose of 0 5 nig of each , tj'pical examples of the dosages employed would be 
ns follows — 

0 6 mg , 1 mg , 2 mg , 4 mg , 8 mg , 16 mg , 16 mg , 25 mg , 40 mg , 65 mg , 

70 mg , 85 mg and 100 mg of each venom 

1,500 umts antitetamc serum was usually added to each dose after a level of 10 mg 
was reached and with high dosage antivenene was also given Such a series of 
injections was usually found necessary to obtain the minimal titre required, viz , 
1 c c of the unconcentiated serum to neutralize 0 5 mg of cobra venom and 1 0 mg 
of daboia venom 

The Table shows examples of the dosage and the period of immunization 
required to obtain the mimmal titre by that method in 12 of the horses used for 
serum production It will be seen from the Table that in the majority of cases 
it was necessary to employ doses as high as 100 mg of each venom in order to reach 
litre, and the total dosage requued varied from about 800 mg to 400 mg 

The period of immunization to reach title was usually 1 5 to 1 7 w eeks In the 
case of certain horses a loiigei period of immumzation was necessary and a higher 
total dosage was required Horse No 12 showm in the Table took nearly a year to 
bring up to minimal titre and received doses up to 250 mg and a total of 2,744 mg 
of each venom 

Methods foi the improvement of immunization of the horses have been under 
study and the use of tapioca and of an adsorbent suspension of aluminium hydi oxide 
has been tiied both m the practical production of antivenene from horses, and in the 
study of their comparative value on a small scale in goats Ramon 
(1931) has shown that the addition of tapioca to tetanus toxoid has been of great 

( 99S ) 
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value in tlic production of antitelanic sciiim and lie attributes tins to the production 
of local mflaniinatory a^denm with exudation which delays absoiption and pi events 
the lajnd eliniin.ition of the antigen The use of tapioca was tested in the course 
of iinniii nidation of two fresh horses in the first instance A sterile suspension of 
tapioca in the propoition of 0 per cent ivas added to the immunizing dose of venom 
and a i educed rlosage employed 

With this addition the weekly dosage of the two venoms emploved was of the 
following order — 

0 b mg , 1 mg , 2 mg , 3 mg , 4 mg , 5 mg , G mg , 8 mg , 10 mg , 15 mg , 
20 mg , 25 mg and .30 mg 

With this dosage one hoi sc which had not previously been immuni/cd reached 
full title in J3 weeks wutli a maximum dose of 25 ma and a total of 90 mg of each 
venom, while the otlici reached litre m 14 weeks with a maximum of 30 mg and a 
total of 129 mg of each venom Although the total period of mmiinii/ation uas 
not gieatlv lediued the quantity of venom required was reduced to one-third 

In the oldoi method of imimini/ation large abscesses were frequently experieneed 
with the liigli dosage used, but nith the smaller doses and the addition of tapioca 
siidi il)s( esses were much less frequent although there was a considerable degree of 
lo( a! swelling 3’lie iioises kept better condition which was no doubt a factoi m the 
eflective ])iodiiclioii of .intitoxin The results of the use of tapioca in nnnnmuation 
of flesh horses have led to its employment in the maintenance of the titre of older 
horses some of wduch have been undci immunisation for 5 oi 6 years In the case 
of those horses it has been found that the dose necessary to maintain titre has been 
gradually reduced For cxainplo, m the case of one horse it liad been found necessary 
to laise the dose of each venom to 100 mg , after resting it, to reach titre again 
while wdieii tapioca was added it could be maintained at titre woth a dose of 10 mg 
to 50 mg In addition, it has been found that horses maintain titre for longer 
penods'than formerly when injections are stopped and comparatively small doses 
wall keep titre at a suitable level 

There has never been any difficulty in obtaining high anti-daboia venom titre 
and horses frequently showed titres up to 5 tunes that of the minimal standard 
laid clown for this venom In the case of anti-cobra titre, difficulty has been found 
in getting a high figure wuth the older methods of iraniuni7.ation, but with the use 
of tapioca much better results are now being obtained The scrum of one horse, 
for example, wduch had not pieviously passed the minimal standard of 1 c c neutra- 
lizing 0 5 rag gave a titie of 1 c c neutralizing 1 2 mg w'hen the immunization was 
continued with addition of tapioca 

A trial of the immumzing value of the xmnoms with and without the addition 
of tapioca or aluminium hydroxide suspension was carried out in a series of sis 
goats of approximately equal weight, the goats employed being immunized as 
follows — 

(^) Goat No 1 Cobra venom only 
(«) „ 2 Cobra ymnom and tapioca 

(in) „ 3 Cobra venom and ahiniimum hydroxide 

(iv) ,, 4 Daboia venom only 

(v) „ 5 Paboia venom and tapioca 

(ta) „ 6 Daboia venom and aluminium hydroxide . v 
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Tlie dosage of venom in cacli case was a weekly injection of the following 
progressive quantities — 

0 5 mg , 1 mg , 2 5 mg , 5 mg , 7 6 mg , 10 mg , 12 5 mg , 15 mg and 17 6 mg 

The results obtained in the animals differed considerably in regard to reaction 
to the cobra venom 

Goat No 1 receiving this venom without any addition died after the fourth 
day and a second goat used in replacement lost weight and died aftei 11 injections 
without reaching titre 

Goat No 2 receiving cobra venom and tapioca reached titre after 11th dose 
(22 5 mg cobra venom) and was in good condition 

Goat No 3 receiving cobra venom and Al(OH )3 died after 6th injection 
This one was replaced and did not reach titre by the ]2tii injection and died of other 
causes 

In the case of the tliree goats immunized with daboia venom all reached equal 
titre on the same day after nine injections The goat receiving tapioca along with 
the venom showed a lesser degree of local reaction than those to which this addition 
had not been made The use of tapioca is thus shown to have a marked advantage 
m the course of immunization with cobra venom, animals standing immunization 
much better than without this addition and coming up to titre lapidly The use 
of tapioca has marked advantages dining immunization with daboia venom 


Tablt: 


Showing dosage and the period of immunization to obtain minimum 

title in hoises 


Horse 

number 

Peiiod ol 
immunization 

Total dosaoi: 

Mammttsi dose 

Cobra 

venom 

Daboia 

venom 

Cobra 

venom 

Daboia 

venom 

1 

15 ueeks 

406 5 

406 5 

100 

100 

2 

15 , 

406 5 

406 5 

100 

100 

3 

20 

363 5 

363 6 

95 

95 

4 

12 

235 5 

235 5 

80 

SO 

5 

20 , 

363 5 

363 5 

95 

95 

6 

13 

336 5 

336 5 

100 

100 

7 

17 „ 

335 5 

335 6 

140 

140 

S 

17 , 

310 5 

310 5 

90 

90 

0 

n 

310 5 

310 5 

90 

90 

10 

21 , 

715 6 

715 5 

145 

145 

11 

22 „ 

526 6 

526 6 

80 

80 

12 

50 „ 

2,744 

2,744 

250 

250 
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SujfMARy 

1 Tlie addition of a steiile suspension of tapioca and of aluminium hydroxide 
to the venom solutions employed in immunizing animals for the production of 
antivenene was tested 

2 When tapioca suspensions were added it was found possible to bring horses 
to standard titie against both coha and dxtboia venoms with greatly redueed dosage 
of the venoms, the quantities employed being one-third of that found necessarj 
without this addition 

3 Compaiative tiials in a senes of goats showed that the addition of tapioca 
was of special value in immunization with cobra venom and that this addition vas 
more satisfactoiy than the use of alummnim hydroxide 

The extensive suppuxativc reactions witli abscess formation, vhich occurred 
when tapioca was not employed and with the larger doses formerly used to reach 
titre, were not obseived vhen tapioea was added or w’cie of much lesser degree 


Ramov, a (I'Hi) 
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STUDIES ON INDIAN SNAKE VENOMS 

Part I. 

DABOIA VENOM ITS CHEMICAL COMPOSITION, PROTEIN 
FRACTIONS AND THEIR PHYSIOLOGICAJ. ACTION 


BY 

S N GANGULY, ph d (Lond ), 


AND 

i\r T MALICANA, m sc 

Inquiry wide) the hidutn Research Fund Association 
(Fioni the Genii al Reseaich Inskfvle, Kasauh ) 

[Received for pubbcation, December 2, 1935 I 

Chemical analysis op the daboia venom 

A PRELIMINARY lavestigatioH into the natuie of the chemical elements present 
m the daboia venom led to the identification of the following C, H, N, S and 0 . 
with traces of morgamc substances and colouring matters 

The complete absence of phosphorus, as indicated by Neumann’s test (using 
casein as a control), and its further confirmation by the standard method of combus- 
tion with metallic sodium, proved the non-existence in the venom of substances 
such as lecithm, kephahn and nucleoproteins 

Smce a solution of the venom gave all the characteristic tests for protems it 
was further exammed with a view to identify the various proteins present Using 
the standard methods only globulins, albumins and substances of the nature of 
secondary proteoses were found to be present Absence of any protein in the 
supernatant flmd left after full saturation with ammonium sulphate showed the non- 
existence of peptones 

h { 997 ) 11 



998 


Studies on Indian Snale Venoms 


The total nitrogen content of the dried venom, as estunated a modified 
micro-Kjeldahl method was found in successive tests to be 15 7 per cent, 15 6 per 
cent and 15 7 per cent Out of this total, mtrogen from the precipitate obtamed by 
treating a venom solution (1 in 100) with an equal volume of 50 per cent trichloracetic 
acid was found in successive tests to be 15 5 per cent showing thereby that the 
dried venom contains 96 8 per cent (N x 6 25) of proteins Non-protein mtrogen, 
however, as determined from the supernatant fluid left after precipitating the venom 
solution with trichloracetic acid was found to be as Ion as 0 18 per cent (i e , nithm 
the limits of experimental errorl 

A small fraction of tlie venom, probably of the nature of lipoids, could be 
isolated by extraction nitii ether m a Soxhlet’s extraction apparatus Its 
quantit} was estimated to lie 2 8 per cent of the dried venom , but as on testmg 
its toxicity it was found to be physiologically inert, no fuitlicr attempt was 
made to determine m more detail tlie chcimcal nature and identit-^ of this 
ether-soluble substance 


Deiermination 01 SHL raoiLiA ii’AciioNs or siir aexom 

(1) The proteins of tlie icnom nerc fiactionated by the method described 
below — 

Eslimalwn of qlobuhn — The venom solution (10 c c of 1 m 100) nas saturated 
with sodium chloiidc and left m the refrigeiator oierniglit Tlie folloning morning 
the precipitate obtained was separated from the supernatant fluid by centrifuging 
and washing scvcial times n ith a saturated solution of brine The nitrogen content 
of the precipitate lopresentmg the globulin fraction of tlie % enom was estimated 
It was found on successive tests that the globulin fraction contained an ai erage of 
3 7359 per cent of mtrogen m relation to the dried ^ enom This represents 23 35 
per cent of globulin (N X 6 25) 

Eihmahon of albumin and jnoteoses — The \cnom solution (10 c c of 1 in 100) 
was saturated with sodium chloride and left m the refrigerator o^e^nlght The 
following morning about 5 c c to 6 c c of the clear supernatant fluid v as pipetted 
oft carefully An aliquot pait of this globulm-free solution (containing albumin 
and proteoses) was estimated foi its nitrogen content while another part was heated 
to boiling point for tw o minutes to eflcct a complete coagulation of the albumin, 
leaving the proteoses behind m solution The mtiogcn contents of the precipitate 
and the filtrate w'crc separately estimated Tiic results showed that the albumm 
and proteose lespoctnely formed 2212 per cent and 50 52 per cent of the 
venom 

The estimation of nitrogen of eacli fraction w’as carried out by a modified 
micro-Kjeldahl method using a imxtuic of concentrated sulphuric acid, potassium 
sulphate and a trace of copper sulphate ns the digestion mixtuie An appliance 
was devised to produce a constant flow of ammonia-free air through the 
mixture during the process of driving off the liberated ammonia from the digest 
foi estimation by absoiption m 0 01 N sulpluxnc acid, and subsequent titration 
liy 0 01 N caustic soda of the amount of acid consumed the libeiated 
ammonia. 
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The composition of the venom was tliiis found to be — 


Protein (total) 

96 80 

per cent 

Globulin 

23 35 

9 9 

Albumin 

22 12 

99 

Albumin -f proteoses 

72 74 

99 

Proteoses 

50 52 

99 

Lipoids 

2 80 

99 


Location on the active principles in the venom fractions 

The tests of the physiological action of the fiactions of the venom were carried 
out ill regard to — 

(«) Ledial action in jnqeons as detei mined by the effect of intiavenous injection — 
This IS a routine test in use at the Institute and the average sample of the dried 
claboia venom in use has an m 1 d of 0 01 mg for a pigeon of 300 grammes weight 
The dose of the venom fractions used is expressed as the equivalent of original 
dried venom This test is taken in indicating the presence of neurotoxin 

(6) Coagulant action — The method of test employed was that used by Taylor 
and Malhck (1935) 

(c) Piesence of hcemonJiagin — The test used was that of Pratt-Johnson (1934) 
by mtiadermal injection in white rabbits, tliehcemoriJiagin dose of dried daboia 
venom being 0 1 mg 


(1) Neurotoxin 

The proteins of the venom after precipitation by saturation with ammonium 
sulphate or acetone were found to contain the full toxicity of the venom as judged 
hy the immediate lethal effect in pigeons, the m 1 d of protein obtained in this 
wav being the same as the equivalent amount of dried venom 

The globulin fraction separated by full saturation mth NaCl or 50 pei cent 
saturation with ammonium sulphate was found to be inert, pigeons surviving a dose 
up to the equivalent of 20 times the m 1 d 

The next step was therefore to ascertain whether the toxicity could be ascribed 
to the albuimn or the proteoses or to both Since on boding the venom solution 
IS completely detoxicated it was found necessary to develop a suitable techmque 
for the separation of the proteoses and the albiiuun in order to test the physiological 
action of these fractions separately Various methods such as (^) treatment of the 
dried venom with 45 per cent alcohol, as suggested by Kellaway (1929) as a possible 
method for fractionation of death-adder venom and (^^) precipitation with hydro- 
ferrocyanic acid, etc, 'were found unsatisfactory owing to the detoxication of the 
venom as well as to the denaturing of the proteins produced by these reagents 

After a number of trials the method which was found satisfactory was exposme 
of a venom solution (previously freed from globulin by full saturation with sodium 
chloride) to a temperature of 65°C for six minutes (Acton and Knowles, 1921) The 
fdbunnn fraction was almost completely coagulated leaving the proteoses in solution 
The m 1 d of this protem fraction calculated in relation to the proportion of original 
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dried venom which it represented showed that tins contained the whole toxicity 
of the venom Tins finding shows that the albumin fraction is not the toxic one 


Table I 



Showing newoloxiG action of the protein fiachon of daboia 

venom 

1 

! 

I'rartions j 

Alcan percentage 
bj n eight in 
relation to tlio | 
dned \onom 

Intravenous dose 
m mg (equivalent 
of dnod venom) 
injected into nigeons 

Result ! 

Remarks 

1 Total jirotein 1 

I 

00 80 

0 01 

Died 

Full toxicitv 

2 Globulin 1 

23 37 

0 02 0 05 0 1.02 

Survived 

Non toxic 

3 Albumin | 

22 12 


1 

i 

Denatured on 

beating 

4 Albumin niid proteo'ips i 

72 74 

0 01 

Died 

\ 


5 Proteoses after boiling 
No 4 

j 

no 52 

1 

1 


; 

Detoxicated on 
licating 

C Fraction of globulin ; 
free \cnoin fioliilion j 
not congnlablo nt [ 
05®C m si\ minutes 
(proteoses) 

50 50 

i 

0 01 

Died 

I'llll tOXICitl 

1 

7 Residue after ether 
ovtrnction 

1 

0 01 


1 » 

i 

8 Fther soluble lipoids 

2 80 1 

0 05, 0 1 

Survived ; 

j Non toxic 

9 Globulin free fraction 
coagulable at fi5''C 
(albumin) 

1 

0 02. 0 05, 0 1 

1 

1 

i 

i 

[ 

[ 


(2) Hwnionhagvi 


Intraclerraal injections of a series of doses of solutions of the fractions prepared 
as already described were given to ^^lllte rabbits on tlie sbin of wlncb tbe 
hcBtmnhaginimcUon could easily be seen 

The following are the results of a senes of tests — 

Result 


Daboia venom (control) 
Globulin 

Albumin + proteoses 
Proteoses 


0 1 mg + -) 

0 1 mg , 0 2 mg — — 

0 1 mg + -r 

0 1 mg -j' 


t « 
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The proteoses fraction is shown to contain the hcemorrluigin of the venom The 
more intense reaction m the case of the combined albumin and proteoses fractions 
IS due to the fact that the hcemoi rJiagin- is to a certam extent heat-labile and in the 
process of coagulation of the albumin by heating at 65°C for six minutes the 
h(BmonJiagin content of the proteoses is somewhat reduced 

(3) Coagulant action 

Coagulation tests were carried out on sheep’s blood which had an average 
coagulation period at a temperature of 23°C of 15 minutes, by the techmque used 
Solutions of the venom fractions were used equivalent to 1 in 10,000 of dried venom, 
0 1 0 c being added to 0 9 c c of freshly drawn sheep’s blood, the final dilution bemg 
equivalent to 1 in 100,000 

The results of the tests are shown in Table II — 

Table IT 

Shoioing coagulant action of the protein f) action of Aaboia venom 


FrActiona 

! 

1 

Coagulation time 

Minutes 

Seconds 

! 

1 Total protolu 

1 

33 

2 Globulin 

13 

25 

3 Traction of globulin free -venom solution 
not coagulable it in six minutes 

(proteoses) 

1 

25 

1 

f Residue after ether extraction 

1 

35 

5 Ether soluble lipoids 

9 

10 

6 Globuhii free fraction coagulable at 

66°C (albumin) 


10 


The proteoses are thus shown to also be the coagulant fraction of the venom 
Attempts on the sepahation op the active principles op 

DABOIA VENOM 

It has been previously shown that the hmmonhagin fraction can be destroyed 
in the venom, leaving the coagulative and neurotoxic factors, by heating the venom 
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solution at a temperature of 65°C for over six minutes The separation of the 
coagulative and neurotoxic fractions by seveial methods was attempted 

Adsoiphon methods — ^For tins work the adsorbents tried vere (1) kaolin, 
(2) keiselguhr, (3) barium sulphate, (4) Fuller’s earth, (5) charcoal (norit), 
(6) Willstratter’s aluminium hydroxide C and (7) barium caibonatc Barium carbo- 
nate was used m view of the claim of Holden (1933) to have removed the coagu- 
lative factoz from the venom of certain Australian snakes with this adsorbent 

The method employed was as follows 0 2 gramme of each adsorbent nas 
intimately mixed ivith 10 c c of daboia venom (of dilution 1 m 1,000) and kept in a 
refrigerator overnight Siibsequentl}'^ the supernatant flmd vas separated by 
centrifuging and tested for its coagulative and ncurotoxic action The adsorption 
experiments were all done at pH 7 2 

The results aie shown in Table HI — 


Tabu III 


Showing effect of adsoi bents on coagulative and neurofoxic action 


Adsorbent used 

1 

> COAOUrATION TIME 

1 

Vinount cqniMilent | 
in nig of tJip dried 

Result 

\ 

■Minutes 

j Seconds 

1 

\cnom injected into ' 

ingcons 

(1) Kaolin 

i 

! 2 

i 

1 

1 

1 

0 02 h 

1 1 


(2) Kcisclgulir 

o 

1 

1 10 

1 1 

0 02 ! 1 

Pigeons died in 
2 to 3 minutes 

(3) BiiSO, 

2 

10 

0 02 1 



(t) Clmrconl 

10 

15 

n 02, 0 O'l, 0 1 

j Sunned 

(0) Fullers enrtli 

I 2 

1 

1 

1 

0 02 

j Pigeons died in 

1 2 to 3 minutes 

(0) BaCO, 

1 

11 

10 

0 02, 0 05, 0 1 

t Surviied 

(7) Dnboni \(.noni control 

1 

r. 

0 02 

, Pigeons died in 

2 to 1 nimntes 

(8) Snline contiol 

. IS 

1 1 

45 


1 

1 

1 

( 

(9) Aluminium hjdro\idc 

10 1 

2J 

0 5 

j Siinived 


Only baiium caibonate, charcoal and alummium In dioxide were found to be 
effective adsorbents and an ad)ustment of reaction at ranges between pH 3 and 
pH 10 was not found to effect adsorption 
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In the case of barium caiboiiatc fiutbei work was done on the elution of the 
venom aftei adsoiption, the details of the process bemg as follows — 

Daboia venom 10 c c (of dilution 1 in 100) was added to freshly prepared 
BaCOs made by passmg a stream of CO> through a saturated solution of Ba(OH)2 
(1 7133 g=lxl0"“®g molecules of BaCOs per c c ) at a temperature below 10°C 
till the solution was acid to litmus The total solution was made to a volume of 
100 cc by adding distilled uatei (making up the venom dilution of 1 in 1,000) 
The imvture vas thoroughly shaken and then left in the refrigerator overnight 
The clear supernatant fluid was separated from the BaCOs by centrifuging and 
kept for testing separately foi the neuiotoxm as well as the coagulant in the 
usual way 

The sohd Ba003 residue, as separated from the supernatant fluid by centri- 
fuging, was washed once thoroughly u ith water and subsequently separated by 
centiifuging To the washed solid was added 100 c c of a mixture of KH^PO^ 
buffer (pH 6 9) and 25 per cent glycerine After bemg kept m contact for 2 to 3 
hours the solid BaC03 was separated by centrifuging and the clear elution was 
tested as usual 

The results are shown in Table IV — 

Table IV 


Shoxviiuj lesults of adso) phon of venom solvUon wxth BaCOi and tfs elution 
from the adsoi bents with phosphate 


Solution tested 

1 COA-GtlLmON TBIB 1 

1 

Amount eqmvalent 1 
m mg of the dried 
venom mjected into 
pigeons 

Rfsdlt 

1 Alimites j 

1 

Seconds 

Supernatant fluid left aftei 

21 

' 1 

10 

0 02, 0 06, 0 1 

Pigeon survived 

adsorption uitli BaCO, 

j 1 

1 



Elution from EaCO, 

1 1 i 


0 01, 0 02, 0 025 

1st and 2nd survn ed 


1 

' i 


3rd one died 1 

Daboia venom conliol 

1 1 

J 


0 01 

1 1 

Died 

Sabne control 

* 2^ ’ 
» 

1 

! 10 

1 

1 




A correspondmg adsorption with alununium hydroxide prepaied accordmg to 
Willstratter’s method (Willstratter and Kraut, 1923) was carried out Ten cc of 
this A1(0H)3 suspension was mixed thoroughly for 3 to 1 minutes with 100 c c of 
venom solution (1 m 1,000) The supernatant fluid was separated by centrifuging 
and the solid residue treated with a mixture of Na-iKPO^ and glycerme solution 
(100 c c ) for elution The results aie shown in Table V With both these methods 
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effective adsorption and elntion was obtained but no separation of the active 
principles 


Table V 


Showing lesuUs of adsoiplion of venom solution with Al{OH)z and its 
elution fiom the adsorbate ivith phosphate 


Substnn( t used 

i 

COAGOLATION TIME 

1 

Amount cqmvnleni 
m mg of the 

Result 

1 

j Minutes 

1 

Seconds ! 

1 

dried venom injec 
ted into pigeons 

iSupcruatnnt fluid left alter 
ndfioqilion with AlfOIT), 

1 

10 ; 

1 

! 

21 

0 05, 0 1, 0 5 

Survived 

ICIuW 

1 

' 2 1 
1 1 
1 

0 

1 

0 02 

0 026 

[ 

Survived 
(Died in 2 to 3 
minutes ) 

Saline control i 

1 It 

1 

n ' 



Daboia venom control 

1 

46 

0 01 

Died 


Fractional precipitation with ammonium sulphate — TJic separation of the active 
fractions of the venom was also attempted by moans of saturation of venom solution 
with varvmg percentages of ammoimim sulphate 

Twenty c c of a 1 per cent solution of venom v as mixed v itli 20 c c of saturated 
ammonnim sulphate solution and left in the refrigerator oveinight The white 
precipitate that settled down was separated b^ centrifuging, washed twice or tlirice 
with ’50 per cent saturated ammonium sulphate solution and then diahsed for foui 
or fne chns in lunning water till it was free from the salt The diahsed product 
was dissolved in saline and made up to ten tunes the original ^olume The globuhn 
fraction thus separated was tested for coagulant and noiirotoxic action The super- 
natant fluid m successive samples was separately satin ated in different ranges, 60 per 
cent, 70 per cent, 80 per cent, 90 jier cent and 100 per cent with further addition 
of saturated ammonium sulphate calculated by the formula (Wadsworth, 1927) 

.Y = wdierc c represents the percentage of satmatiou required, X, the total 

volume ot satmated ammonium sulphate to be added to u c c of the original 
\cnoin solution (1 m 100) Full satuiation with ammonium sulphate was done b> 
adding solid {NHj)jSOi The precipitates and supernatant fluids in each fraction 
weic diah&ed as liefore for 4 or 5 dajs till thc\ showed complete absence of 
ammonium sulphate A sample of the untreated venom w as similarly dialvsed foi 
'i or 5 days to serve as a control 

The coigulative and neuiotoxic action of the precipitates and the supernatant 
fluids between the diflercnt langc of saturation ivas tested 3’artial precipitation 
of these fiactions occuried at from 60 to 70 pci cent of saturation and full precipita- 
tion at from 80 to 100 pci cent 
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The neuiotoxic .ind eoagulative principles are not separated by this means 
(see Table VI) 


Table VI 


Showing cmgulaii'Ve and neuioloxio action of daboia venom factions aftei piecipifatwn 
with diffeient concentiates of ammonium sulphate 



COAGULATION TIME 

I 

Perrentagp of satn 
ration with (NH^laSOi 

Phecipitatls 

SUPFBNATANTS 

Controls 

Mid for pigeons 
(w itli the precipi- 
tates) 


■Minutes 

Seconds 

Minutes 

Seconds 

Minutes 

Seconds 


Untreated control 

30 per leiit 

Nil 

Nil 

1 

1 

0 

1 

65 

1 

1 

1 

1 

10 

! 

1 

1 

Equivalent to 0 1 
mg of the 

ongiual venom 

■ did not kill the 

10 „ 

9 

28 

1 

19 




pigeons 

50 „ 

8 

40 

1 

48 



1 ' 


60 „ 

3 

1 n 

1 

3 

18 


1 

0 02 uig , pigeons 
died 

70 „ 

1 

1 ^ 

1 

1 

1 


1 

' ’ 


SO „ 

1 

j~. 






0 015 mg , pigeon® 
• died 

90 „ 

1 

31 







100 „ 

1 

33 

1 

1 


1 

J 


Saline control 





12 J 

1 

0 ' 

1 


Baboia venom contiol 





1 ; 

1 

13 

1 



Piecipitation with acetone — Acetone precipitation was also tried for separation 
of the active fractions Ten c c of daboia venom (1 in 100) was mixed with 20 c c 
of acetone , the precipitate obtamed was separated by centrifuging and subse- 
quently added to 20 c c of distilled water The precipitate was separated by 
centrifuging and the clear supernatant fluid was again precipitated and washed with 
acetone All the protein fractions were thus precipitated by means of acetone and 
the globulm was separated from the albumin and proteoses by taking advantage 
of the fact that the globulm is insoluble m distilled water, whereas the other two 
are perfectly soluble The globulm fraction thus separated was dried and weighed 
(0 0219 g , 0 0238 g ) and dissolved in 200 c c of sabne The solution of the albumm 
and proteoses in water was also made up to the same volume by addition of water 
Thus the globuhn was found to be present to the extent of 21 9 per cent to 23 8 per 
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cent of the dried venom 
VII — 


Ecbults of the tests of the fractions are shoi\ u in Table 


Table VII 


Showing coagulation and new atoxic action of daboia venom factions 
obtained bij ^necipitalion ivith acetone 


1 

bubatanco uslcI 

COAOtTLATlON TIME 

1 Amount equivalent 
. j in mfi of tbo dned 

I venom injeeted into 
j pigeons 

Result 

Minutes I 

Seconds 

Globulin Irnction 

21 

0 

1 0 02, 0 05, 0 1 

Sur\ ived 

Albumin and proteoses fraction 

2 

40 

0 01 


i 



0015 

Died 

Daboia xenom control 

2 

10 

, 001 


Saline control j 

21 

15 

1 

! 



The results again indicate the presence of both coagnlativc and neurotonic 
fractions in the proteoses It is noticed, lion ever, that after several eontacts with 
acetone the venom loses at least a jiart of its toxic principles 

It has not been possible by any of the methods employed to separate fractions 
showing different ph}siological actions 


SUiMMABV 


1 The chemical analysis of daboia venom show s that it contains tlie elements 
C, H, N, S and 0 No phosphorus is present and accordingh no such substances 
as lecithin, kephalm and nuclcoproteins 

2 The dried venom contains 15 5 per cent piotem nitrogen, indicating 96 8 
per cent of protein, and ether-soluble lipoids are present to the extent of 2 8 per 
cent 

3 The protein fractions are globulin 23 35 per cent, allnumn 22 12 per cent 
and proteoses 50 52 ]ier cent 

4 The iieuiotoxic the coagulant and the hamonhagic actions of daboia 
venom are attributed to the secondary proteoses 

5 It has not been possible to separate fiom one another fractions responsible 
for these actions by means of adsoiption methods or Iiv precipitation with ammo- 
nium sulphate or acetone 
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CIERHOSIS OF THE LIVER FOLLOWING CHRONIC 
INTOXICATION WITH CARBON TETRACHLORIDE : 
AN EXPERIMENTAL STUDY 

BY 

M V EADHAKRISHNA RAO, m b , b s ph d 
(F)om the Depailment of Pathology, Medxcal College, Vizagapatam ) 


[Received for publieation, January 2, 1936 ] 

This experimeiita] work was undertaken mainly to investigate the evolution 
and nature of cirrhosis of the liver induced by chronic intoxication with carbon 
tetrachloride, as it ivas hoped that such a study would contribute to an understanding 
of the genesis of fibrosis in human cirrhosis 

Experimental methods 

Depending on the reaction of the experimental animal, subcutaneous in 3 ections 
of 0 1 c c to 0 2 c c of pure carbon tetrachloride were given once or twice a week 
for varjung periods {vide Table) In this experiment, which lasted for nearly 15 
months, 21 albino rats, 6 rabbits and 17 guinea-pigs were used In addition to 
the subcutaneous in]ections, 3 albino rats iveie given daily 10 niimms of carbon 
tetiachloride suspended in mJk The drug was administered only by the oral 
route in all the six labbits and in 2 albino rats 

The animals were kept on a normal laboratory diet (milk, green fodder, ger- 
minating giain, etc ) 

As the object of the experiment was to induce curhosis by repeated, sub-lethal 
injections, the animals wmre not killed during the early part of the investigation 
and the observations on the early changes in the liver were mainly based on a study 
of the annuals which died diumg this period The admimstration of the drug was 
suspended m some animals which received a number of injections, in order to study 
the regenerative changes The liver in aU the animals was carefully investigated 
hi the differ ent staimng methods mentioned below — 

(1) Ehrlich’s acid hsematoxylin and eosin — foi routine staimng 

(2) Weigert’s iron hreniatoxylin and van (Iiesoii’s stain — for staining 

coimective tissue 


* Part ot a thesis approved for the PhD degiee m the Andhra Univeieity 

( 1007 ) 
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{?>) Weigert’s elastic stain — for staining elastic tissue — counterstamed with 
alum carmine 

(4) Prussian blue reaction (sections were tieated with potassium ferrocyamdc 

and hydrochloric acid solutions and counterstamed with eosin) — for 
the presence of iron (to detect the presence of hsemosiderin) 

(5) Scharlach R — for staimng fat — counterstamed with Delafield’s hsenia- 

toxylin (frozen sections were used) 

(G) Foot and Menard’s (1927) silver carbonate impregnation method — for 
staining the reticulum (frozen sections Mere used) 

OnSLRX VTIONS 

General 

Giiiiiea-]ng3 were found to be very susceptible to the drug, as the} generally 
died aftei the fiist or the first fen injections, and no animal m this senes survived fo 
receive more than 1 0 injections Tlie albino rats which received repeated mjections 
gradually became Masted lost their hair and died There Mas no appreciable 
change m the general condition of the rabbits mIucIi received the drug only by 
mouth 

Sloughing and ulceration at the site of the injection Mere occasionally observed 

Atilopsy findings 

J The live) — («) In one instance m mIiicIi the .miinnl (Ro 12) died intmc- 
(kalehi after the injection, the liver shoved marked congestion of the hepatic and 
portal venous trees, but (he iiaicnchyiua shoMcd no noticeable changes 

(6) In animals M’hicli died 12 to 72 hours after one wjcciwn (8 m this senes) 
(he liver M'as markedly congested and the surface showed a slightly trabeculated 
appearance (Gardner cl al , 1925) due to alternating red and slightly }ellowish 
areas 

MicioscopicaJhj, there m as marked engorgement of the hepatic and portal venous 
trunks 

In one animal (No 6) mIucIi died 12 hours after the injection, the hepatic cords 
around the central leins Meie SMollcii and contained small or big fat \acuoles, 
their nuclei m eie pyknotic The hepatic cords around the portal spaces M’ere normal 
liiit those m the middle /one shoved slight fatty degeneration In preparations 
especially stained by the Foot and I\rcnard's silver impregnation technique, the 
reticulum of the liver (m this case) v as found to be intact 

The liver shoved marked necrosis of the paienchyina around the hepatic 
tcimiiials (involving half to tMm-tlurds of tlic so-called lobules) m both the instances 
111 which the animal survived 24 hours after the injection (Plate XLI, fig 3) The 
central veins vere gcncially destroyed and if evident, shoved a desquamation or a 
rupture of their endothelial lining The sinusoids v ere congested and the necrotic 
central zone was invaded b}-^ Kupffer cells, polymorphonuclear leucocytes and 
mononuclear phagoc}’tes The middle and occasionally the pen-portal zones showed 
fatty degeneration of the hcjiatic cords The liver showed more or less similar 
changes in the aminals which survived tvo (2 animals) or three days (3 animals) 



Plate XLI. 


•ST' •’ 
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Fio. 2 


,, , I n n L <- *. -NT n 18 micctions and 10 m orallv for 168 days 

Figs 1 and 2 — ^^ hitc rat No 11 i ^77 Jays 

Photograph of the liver showing hobnail roughness of the surface 






Fig 3 -Guinea pig No 21 L>»i.^gP£q- 

1 day 

rhotomicrograph of a section of the liver showing the necrosis of the parenchjma (a) around the hepatic terminals 
1 > r — portal spare 

(Ehrlich’s acid h ematowlin and eosin , apochromat objective — 8 mm , periplan o h eye piece — 4 mm — Leit<!) 

Fig 4 — Guinea pig No 20 1 injection 

3 dajs 

I’hotoimcrogiaph of a section of the liver showing the invasion of the necrotic zone (a) by mononuclear 
phagocj tcs and Kupffer cells p c — jiortal space 

(hhrhch’s acidhamotoxylin and cosiri , apochromat objective — i mm , pcnplan 0 K ej’e piece — 1 mm — Leitz) 




Plate XLII 



Fig 6-Wluto rat No 20 ^ mjoct.ons 

“ 17 ila% s 



Photomiciograph of a scotion of tlio In or s]io\nng gonmng around tho central veins [h t> ) 

(Ehrlich’s acid h'cmntoxj liii and ooRin , apodiromat objectiic — 8 mm , pcnplan o k eyepiece — 1 mra — ^Leitz) 

Fig 0 — White rat No 5 “1 1 injections 

° I GO da\s 

Photomicrograph of a section of the liver showing irregular, loose stellate areas of fibrosis containing pigmented 
mononuclear phagocytes around the cciitrai veins, and a tcndenc 3 iiseiido lobulation 
(Ehrlich’s acid lutmntowhn and c 03111 , apochromat objective— 8 mm , pcnplan o K eje piece — 4 mm— Leita) 



Fig 7 -11 lute rat No 11 . 4 8 mjc ctions and 10 m orally for ICS days 

277 days 

Photomicrograph of a section of tho hv or in Pig 1 show mg tho bands of loose fibrous tissue div idmg 
parcnclivmnl mantle into mimorous, rounded islands ol van mg size-, 

(Ehrlich s acid Inomatow Im and cosm , objective — 22 inin , Berk penplnn o k eve piece — 4 mm -Leitr) 

Fig 8 — White rat No 11 

Low power photomicrograph of the reticulum of a section of the liver m Fig 1 showing tho well marked jis,^ 
lobulation and a dchciciit reticulum in tho pseudo lobules Tlio parouchv lun m this section is stained 
o\alic acid 

(Foot and Jlenard’s silver carbonate impregnation tcelmiquo, objective 22 mm , Bcik, pcnplan o k eye picc 
i ram — ^Leitz) 
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but tbe phagocytosis was more raarlced (Plate XLI, fig 4) In all these instances 
the pen-smusoidal reticular frame work around the hepatic terminals was still 
intact 

(c) Animals which received 2 6 injections (10 animals) showed changes in the 

liver similar to those described above The granular debris of the coagulated 
protoplasm around the central veins, which were faintly staining, was invaded by 
large number of Kupfier cells and mononuclear phagocytes The hepatic cords in 
the middle zone vshowed vacuoles of fat m then protoplasm, while those around 
the portal spaces showed granular protoplasm Evidences of regeneration were 
not noticed In some msta nces, the granular debris was cleared oft by the phagocytes 
and the necrosis was limited to a small area around the central vein Occasionally 
the necrosis was more marked , with the exception of small islands of hepatic cords 
which showed fine vacuolation with fat, around the portal spaces, the entire 
parenchymal mantle showed necrotic changes 

The central veins were usually not discernible, but, in one instance, the 
endothelium of the central veins showed desquamation into the lumen 

The peri-smusoidal capillary reticulum around the central veins showed 
disorganization 

(d) The appearances of the hver in the albino rats and guinea-pigs which 
received 6 to 10 vijections (3 ammals) varied considerably In the latter, the 
appearances of the liver were similar to those described above but, m the former, 
the hver was atrophic, the surface was slightly iriegular and on microscopic 
examination showed scarring around the central veins (Plate XLII, fig 5), which 
were dilated and congested The scars were not compact and dense , often they 
contained large pigmented mononuclear cells The sinusoids around the scaried 
areas were congested , the hepatic cords around the poital vein were hypertrophic 
and showed evidences of regeneration 

(e) Though the coimective tissue was not proportional to the number of injec- 
tions, ammals which received 10 to 30 injections (3 annuals) showed well-marked 
fibrosis around the central veins The hepatic parenchyma showed no loss of 
pattern There was shght increase of pen-portal connective tissue 

(/) Of the seven animals which received 30 to 49 injections, three showed a 
finely granular liver, while in four instances the surface of the organ showed a 
hobnail roughness (Plate XLI, figs 1 and 2) 

Mici oscopically , the liver in the former group showed only irregular loose 
stellate areas of fibrosis (Plate XLII, fig 6), often containing pigmented mononucleai 
phagocytes, and either no loss of the parenchymal pattern, or only slight tendency 
to pseudo-lobulation In the latter group the capsule of the organ was slightly 
thickened and finely irregular , from the wedge-shaped areas of fibrous depressions 
proceeded loose fibrous tissue bauds, which w'ere continuous with the connective 
tissue network which divided the parenchymal mantle into numerous rounded 
islands of varying sizes (Plate, XLII, figs 7 and 8) , the connective tissue network 
was loose and cellular but had undergone collagenous change (Plate XT . IT fig 8) 
and radiated mainly irom the sclerosed hepatic veins , in its wider nodes, the 
connective tissue-network also enclosed the portal spaces The presence of pseudo- 
bile canaliculi in the connective network was not a marked feature The pseudo- 
lobulation was well marked, the pseudo-lobules occasionally showed sclerosed 
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and eccentric hepatic veins , the hepatic cords in the pseudo-lobules were hyper- 
tiophic and occasionally showed fatt}'- degeneration Pigmented mononuclear 
phagoc;vtes were found around the hepatic veins and occasionally around the portal 
spaces, xn the comxective tissue-network Silver impregnation of the reticulum 
showed a collagenous loose, connective tissue-network, xvell-marked pseudo-lobula- 
tion, a scarcity of the hepatic terminals and sclerosis of the bigger divisions of the 
hepatic venous tree (Plate XLTI, fig 8) , the reticulum in the pseudo-lobules xvas 
deficient (Plate XLII, fig 8) The portal venous tree showed no remarkable 
changes, beyond congestion The Kiipffer cells showed fine, granular, brownish 
pigment in them 

The hobnail appearance of the liver was more marked in the animals (Xos 10, 
11 and 3G) which received the drug also orally, for varying periods, in addition to the 
subcutaneous injections 

{g) The appearances, macroscopic and microscopic of the liver in the animals 
(6 rabbits and 2 albino rats) which received the drug only by month, were similar 
to those seen in animals which received 2 to 6 injections subcutaneoudy [vide (c) 
above] 

IT The sjileen — The spleen m all the instances show ed marked congestion 
and haainosidcrosis Rctieulo-cndothehal hyperplasia was occasionally seen 

111 Other oigans — The kings show ed sub-pleural luemorrhages and maiked 
congestion Catarrhal or suppurative bronchitis, bronchiolitis peri-bronchial 
fibrosis or broncho-piieiimonia w^ore occasionally found The lihieys show’ed 
congestion and occasionally moderate cloud}'^ swelling of the convoluted tubular 
epithelium 

Svb-seiovs hccmorihages w'ore commonl)'’ seen The other oigans generally 
showed engorgement 


Discussion 

Attempts at inducing hepatic ciirhosis iii evperimcntal animals b} repeated 
admuiistraton of small doses of carbon tetrachloride have been productive of 
encouraging results A review of the subject is found in a paper by IMoon (1934) , 
central fibrosis of the liver without loss of lobular pattern, followmig caibon tetra- 
chloride poisoning, was reported bj Gardner and his associates (?oc oil), cirrhosis 
of the liver with pseudo-lobulation was icportcd by l\ridorikawa (1925), Lanison 
and Wing (1926), Albot (1931) and others, but the tj-pe of cirrhosis wms not 
emphasi/ed , van der Schueren (1932), Bollmaii and j\Iann (1931), Lacquet (1932), 
and others described the hepatic cirrhosis induced by chronic intoxication with 
carbon tetracldoride as having the characteristics of Licnncc’s or atrophic cirrhosis 
On the other hand, Ramachandia Rao (1933) lias emphasized that the distribution 
of fibrosis, in the hepatic cirrhosis induced bv carbon tetiacliloride intoxication, 
is mainly around the hepatic venous tree (unlike that seen in portal cirrhosis) and 
resembles that seen in a toxic cirrhosis 

The significant findings in all the four instances, in this scries, in which the 
liver showed hobnail roughness and marked cirrhosis were, as pointed out already, 
sclerosis of the bigger divisions of the hepatic venous tiee a loose, cellular 
fibrous tissue-network, mainly around the hepatic venous tree, and marked 
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l)seudo-lobulation These aijpeaiances are A’-ery luucli similar to those tlescnbed in 
toMC cirihosis (Eadhakrishna Rao, 1935a) 

Lacquet (loc at ) considered tliat tlie cirrliosis produced by carbon tetra- 
chloride cannot be caused by necrosis of the hepatic parenchyma, as the filrrosis 
after repeated administration of the drug did not depend on tlie extent of the necrotic 
lesions of the parenchyma , repeated poisoning was said to exhaust the regenerating 
power of the liver and stimulate the mesenchyina to more active proliferation But 
in preparations especially stained to show the leticnliim of the liver by the silver 
imprecation method (Boot and aicnard, loc at ), the genesis of fibrosis m the 
cirrhosis induced by carbon tetrachloride poisoning could be tiaccd to a disoigamza- 
tion, collapse condensation and sclerosis of the reticulum of the sinusoidal capillary 
bed around the hepatic terminals consequent to the necrosis of the parenchyma in 
the same area, moreover, the looseness of the fibioiis tissue and the absence of 
any inflammatory reaction at any stage of its development suggc<»t tliat the cirrhosis, 
following chronic intoxication ivith carbon tetracliloridc, is of the nature of a 
replacement fibrosis As pointed out already the appearances in the liver are very 
suggestive ot a toxic cirrho'sis 

The pen-central necrotic lesions in the early stages, in the animals in the present 
series, are similar to those described, both in experimental animals (Lacquet, loc 
at , Ramachandra Rao, loc at , Gardner and his associates, loc at , etc 1 and 
m human cases (Keher and Onendal, quoted bi’’ hlcGuire, 1932) after carbon tetra- 
chloride poisoning But unlike the human cases (McGuire), the kidney changes 
in the present series of animals ivere not marked 

The mtense engorgement of the viscera after the adinimstration of carbon 
tetrachloride no doubt suggests that the drug has an action on the vascular system 
But it IS difficult to explam the pen-central distribution of the necrotic lesions in the 
hepatic parenchyma This peculiar zonal distribution oi the parenchymal lesions 
has been attributed (Ramachandra Rao, loc at ) to a vasoconstriction and spasm of 
tlie sinusoidal capillaries of the hepatic venous end, due to an imbalance of the 
vasomotor mechamsni of the liver But the sinusoidal capillary congestion in the 
liver, following the admimstration of carbon tetrachloride in the present series of 
ammals, ivas more oi less uniform throughout the lobule and evidences of vaso- 
constriction in the central zones were not particularly strdrmg A direct hepato- 
toxic action of the drug, hoAvevei, appears improbable on account of the pen-central 
distribution of the necrotic lesions in the hepatic parenchyma 

A deficiency of the reticulum in the liver of the albino rat, unlike that seen 
in the human liver, probably explains its deficiency also in the pseudo-lobules m 
the cnrhotic livers of some of the ammals of this senes In the albino rat, the 
leticular tissue is mainly found around the portal and hepatic venous trees, while 
the peri-sinusoidal reticulum, especially in the middle zones, is scanty 

The absence of pseudo-bile canalicuh, both in the cirrhotic and non-cirrhotic 
livers in this series m which regenerative changes were marked, is additional evidence 
1 regeneration of hepatic tissue (Radha- 


The results of this experimental study suggest that the sub-acute toxi 
and cirrhosis observed in the livers of children suffering from the so-called 


necrosis 

tnfanhle 
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bilmry cmhosis ’ (Eadhakrishna Eao, 1934, 19356) are similar to those seen in the 
experimental animal and are due to the slow, persistent and sub-acute action of a 
toxin , the exact nature of the toxin, however, is not clear from this study 


Table 

Showing deknis of the course of the evpei intent 




Carhon TFTRAcnLoninr 


1 





[ Number of 
days of 
experiment 


Serial 

number 

Expenmental 

animal 

Subcutaneous 

injections 

Oral adminis 
tration 

(m = minimsl 

Rfmarks 

1 

Albino rat 

i 


103 

Control— died after 193 
days 

2 

i 

[ 


lor» ' 

1 

Control — died after 105 
days 

3 ' 

tt 

[ 40 


241 

Liver. — early cirrhosis 

t 

4 I 

♦ 

45 


228 

Liver — marked cirrhosis 

6 ' 


33 

1 

ICG 

Liver — eorlv cirrhosis 

6 

i 

; 1 

1 

i 

12 hours 

Died 12 hours after 
injection 

7 

1 ; 

» 

24 


132 


8 

4 

12 


72 


9 1 

( 

48 


250 

Liver— eirly cirrhosis 

10 

! y 

1 

1 

49 

10 in daih ! 
for 140 dnvB 

447 

Liier — marked cirrhosis 

1 

11 

i 


43 

10 111 daiiv ^ 

for 108 days j 

277 

Liver — marked cirrhosis 

12 

yy 

1 i 

1 



Died immediateh after 
injection 

13 

Guinea pig 

7 i 

1 

3G 


14 

»» 

5 i 


21 1 


15 

»> 

1 

1 


o 

1 


10 


1 

10 

j 


50 * 

1 


17 

yy 

5 

i 

25 


18 


1 

. 

3 


19 

f* 

) 


22 ! 
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Table — concld 




Cakuon tetraohloridp 







Number of 
days of 
experiment 


Senal 

number 

Expenmenta] 

animal 

Subcutaneous 

injections 

Oral adminis 
tration 

(m = minims) 

Resueks 

20 

Gumea-pig 

1 


3 


21 

> 

1 


1 


22 


1 


1 


23 

>» 




Control 

24 

S) 




Control 

25 

Albino rat 

16 


108 


26 

>» 

7 


47 


27 

Guinea pig 

4 


23 

• 

28 

>» 

4 


21 

• 

29 


3 


15 


30 

i 

2 


11 


31 


2 


10 


32 

Albino rat 

1 


2 


33 


1 

4 

3 

• 

34 

it 

2 


8 


36 

It 

2 


8 


36 

tt 

42 

10 m daily 
for 91 days 

266 

Liver —marked cirrhosis 

37 

Rabbit 


10 m daily 

30 


38 

tt 



99 


39 

>. 


» 

99 


40 

1 



99 


41 

t 


> 

99 


42 

tt 



99 


43 

Albino rat 


91 

99 


44 



9* 

99 



J, MR 
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SuiaMARy 

Eepeated administration of small doses (Olcc to02cc once or twice weekly) 
of carbon tetrachloride subcutaneously to albmo rats produced toxic cirrhosis 
The fibrous tissue was mamly distributed around the hepatic venous tree, which 
showed sclerotic changes in its larger divisions , its genesis m the cirrhosis thereby 
induced was traced to a disorganization, collapse, condensation and sclerosis of 
the peri-sinusoidal reticulum around the hepatic terminals, consequent on a necrosis 
of the parenchyma in the same area 
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THE STUDY OF EPIPHYSEAL UNION FOR DETERMINING 
THE AGE OF SOUTH INDIANS 

A STUDY OF ONE HUNDRED CASES, CHIEFLY FROM THE MADRAS 
SCHOOLS AND COLLEGES, AGES RANGING FROM 10 TO 23 

BY 

M J S PILLAI, L K c p & s , ETC , D R (Edin ), 

Medical Supenntendent, the Bainaid Institute of Radiology, 
Government of Madras, Madras 

[Received for pubbcation, December 23, 1936 ] 

As the study of epiphyses is of medico-legal importance, carefully selected 
cases with age certificates were alone taken for this purpose To obtain the exact 
age of persons is a difficult matter in a country where illiteracy is common Whereas 
other methods of fixing the age of a gul or a youth is a matter of opinion, in radiology 
we have definite data enabling us to get the age as accurately as possible 

A study has been made of the age at which epiphyseal umon takes place in one 
hundred persons between the ages of 10 and 23 years The details of the findmgs 
are given in the Table 

It will be seen that epiphyseal umon of the South Indians takes place at ages 
earlier than those published in standard works, which appear to be the average for 
natives of temperate climates The average age of fusion of the epiphyses has been 
found to be about two to three years in advance of the age incidence in temperate 
climates It is noted that the epiphyseal umon in guls is a little in advance of that 
of boys It has also been found that the phalanges of fingers unite even earlier 
than the other epiphyses In the same individual there are parts which show 
variations from the normal and this may be due to factors which hastened or retarded 
the epiphyseal umon It should be mentioned that in these examinations, special 
care was taken with regard to the technique of takmg the radiographs, as otherwise 
distortions would have vitiated the results by altering the radiographic appearance 

Cases of maldevelopment or arrest of growth in children due to vaiious diseases 
in the early ages have been eliminated in this examination 

In order to determine the age, more than one part which mutes at the same age 
has to be taken, one confirming the other For the purpose of this paper radiographs 
of elbow, wrist, phalanges, knee, ankle, foot and hip were taken, and films of the 

( 1016 ) 
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skull were also made including the jaw, to note the development of pitmtary fossa 
and teetli respectively The pitmtary condition occasionally reveals factors hasten- 
ing or retarding the growth and fusion of epiphyses of the skeletal system 

Our findings corroborate to a great extent the findings of Major Hepworth, i m < 3 , 
whose study on this question is published in the Indian Medical Gazelle of March 
1929, page 128 


f 
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Table 

Shomng the age of ossification of the epiphyses of long bones of students 
of Madras and the comparative figures of European statistics 


The Babkabi) Institute Avfbaoe of Westfjin 

or llAwotoGA Statistics 


Name of epiphyses 


! 

Aoe of fusion 


Ages of j 
fusion 

Rfmabks 

Anatomy books 

‘ Radiology 
Holms and 


1 


Ruggles 


Years 


Years 

Years 


ff.) 




Pisiform bone calcifies at 

10 12 


10 

10 

Phalanges of fingers 

14 17 

Tho terminal pha- 

20 

18 


langea fuse first 



Metacarpals 

14 17 


20 

18 

Ulna— j 

i 




Olecranon 

14 10 


Puberty 

17 

Distal end 

14 18 

TJie ulna fuses a 

21 

18 


little earlier than 
radius 

21 

20 


Distal end of radius 

14 18 


Head of radius 

14 17 


20 

17 

Outer condyle of humerus 

13 14 


17 

17 

Inner condyle 

14 17 


18 

18 


Based on data collected in o\er 100 South Indians with nntlientio ages 
Figures under (a) in column 1 represent the age of commencement of fusion 
„ {!>) „ completion of fusion 
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Table — concld 


Name of epiphyses 

The Bienard iHSTrrnTE 

OF Badioloqy 

Average of Western 
Statistics 

Ages of 
fusion 

Rem \hks 

Age of fusion 

Anatomy books 

‘ Radiology 
Holms and 
Ruggles 


Years 


Years 

Years 


(a) 

(b) 




Scapula — 






Corocoid process 

13 

14 


Puberts' 

16 

J 

13 



Puberty 

1 o. 

Acromian process appears S 





> 20 


14 

18 


20-25 

* 

Head of humerus 

14 

17 


20 

18 

Phalanges of toes 

14 

17 


18 

18 

Metatarsals 

14 

17 


18 

18 

Posterior epiphyses of ! 

14 

17 


18 

18 

oscalsis 






Distal end of tibia 




( tibia 

18 


ll4 

17 


18-20 < 


„ „ „ fibula 

( 



' fibula 

20 

Proximal end of tibia 



( 

20 tibia 

22 


ll4 

17 

Fibula unites later < 



„ „ „ fibula 

1 


than tibia 1 

20-25 fibula 

21 

Distal end of femur 

14 

17 


21 

20 

Head of femur 

14 

15 


20 

19 

Greater trochanter / 

11 

17 

■V Lesser trochanter r 

19 

18 

i 

12 


f fuses earher than i 

12 (appears) 

13 

Lesser trochanter appears v 

14 

17 

) the greater one t 

18 

17 

Acetabulum 

11 

14 


17 

16 

f 

13 



Puberty (appears) 

15 

Crest of ileum appears 






1 

14 

18 


20-25 

23 


Based on data collected in over 100 South Indians with authentic ages 
Figures under (o) in column 1 represent the age of commencement of fusion 
>> » {b) „ „ „ „ „ „ „ completion of fusion 
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The following has been received foi publicaUon — 

— Editor 

SECOND INTERNATIONAL CONGRESS FOR MICROBIOLOGY. 

London, 25th July ^ 1st August, 1936. 

The Congress will be officially opened on Saturday evening, the 25th July, 1936 
This will be followed by official receptions by His Majesty’s Government, by the 
Hoyal Society and other societies Excursions and visits to important mstitutes 
and laboratories have been arranged 

Already 20 workers belonging to the Medical, V eterinary and Biological sciences 
have signified their desire to take part m the Congress Prospective members axe 
requested to commumcate, without delay, either with Dr A C Ukil, Secretary, 
Indian Committee of the International Society for Miciobiology, All-India Institute 
of Hygiene and Public Health 21, Chittaranjan Avenue, Calcutta, or direct with 
Dr II St John-B rooks, Honorary General Secretary, Second International 
Congress for Microbiology, Lister Institute, Chelsea Bridge Road, London, S W 1, 
England, for a copy of the Registration Form and the Programme and to forward 
the membership fee of £ 1 sterling to Dr J T Duncan, Treasurer, Second Inter- 
national Congress for Microbiology, London School of Hygiene and Tropical Medi- 
cine, Keppel Street, London, W- C! 1 Members should also intimate the Honorary 
General Secretary in London whether they would be accompanied by ladies 

The headquarters of the Congress will be located at the Umveisity College, 
Gower Street, London, W C 1, where the scientific meetings will also be held 
Messrs Thos Cook & Sons, Ltd , of Beikeley Street, London, W 1, the American 
Express Co , Inc , of 6, Haymarket, London, S W 1, and Messrs Dean and Dawson 
Ltd , of 7, Blandford Square, London, N W 1, have been appomted official Travel 
Agents of the Congress Information as to special travel facilities, hotels in 
London, etc , may be obtained on application to these firms m London or at any 
one of then respective branches or agencies in Great Biitain or abroad 

In accordance with the statutes of the Society commumcations may be made 
to the Congiess in English, French or German The Honorary General Secretary 
will be glad to hear from any prospective member who desnes to take part in the 
general discussion on any of the prescribed subjects All openers of discussions and 
subsequent contiibutors must forward to the Honorary General Secretary, Dr R St 
J ohn-Brooks, before 1st April, 1936, abstracts of then statements for incorporation 
in a special brochure available at the opening of the Congress These abstracts 
are strictly limited to 600 woids in case of openers and to 300 words in case of 
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subsequent contributors Openers will be limited to 20 minutes, invited contri- 
butors to 15 minutes and speakers m the general discussions to 10 minutes, at 
the President’s discretion It is hoped that interested workers of the Medical, 
Veterinary and Biological sciences will take advantage of this opportumty for 
making personal contacts between experts assembling from all over the World 


PROVISIONAL PROGRAMME 

Presidents of Honour — Past President Professor JUIES BORDET (Brussels), Sir JOHN 
MoFADYEAN (London), Sir ROBERT MUIR (Glasgow), Professor Geo H F NUTTALL 
(Cambndge) 

President — Professor JOG LEDINGHAM, Lister Institute, London, S W 1 


Picsidents of Sections 


Section 


President 


1 

2 

3 

4 

5 

6 

7 

8 


General Biologi of Micro oiganisms 

Viruses and Virus Diseases in Plants and Animals 

Bacteria and Fungi in relation to Disease in Man, 
Animals and Plants 

Econornio Bactcnologi (Soil, Dairj ing and Indus 
tnal) 

Jledical, Veterinary and Agriciiltuml Zoology and 
Parasitology 

Serology and Immunoohomistr\ 

Microbiological Cbcmistrv 

Spccilic Iinmiinirntion in tlie Control of Human 
and Animal Diseases 

The follonmg is a list of the subjects for discussion 


Prof E GOTSCHLICH (Heidelberg) 

Prof R DOERR (Basel) 

Dr E J BUTLER (London) and Prof 
H ZINNSER (Boston) 

Prof R E BUCHANAN (Iowa) 

Prof E BRUMPT (Paris) 

Prof K lANDSTEINER (Now York) 
Prof A HARDEN (London) 

Prof W H PtRK (New York) 

m tlie different Sections — 


Section 1. — General Bioiooe or Micro oroamsms 
Subjects for Disatssion 

Selective bnctcriostasis Inhibitory action on the grow th of baetorin and fungi of (1 ) Substances 
of known constitution and (2) Products of the growth of micro organisms Importance 
in the preparation of sclcctuo culture media 

Nutritional factors associated with the growth of micro oigiuiisiiis {Joint with Section 7) 
Prcsori ation of cultures of micro organisms Latciici Methods of prc=en ation of dehcatc 
organisms Preservation of siruicnec and antigenic stnicturc Changes in the character 
of bactena in cultui-c media unfavourable for rapid growth 
Life cycles of bacteria Simbiotio associations Ii’ilterablc forms 
Anoirobio bnetenai metabolism {Joint with Section 7 ) 

Bacterial photo synthesis {Joint with Section 7 ) 

Variation Relation of changes in morphological and cultural chai acton, to changes m eheinical 
composition and to alterations in antigenic structure, toxin production and pathogeiiicitj 
{Joint with Sections 3 and 0 ) 


Section 2. — Vieusfs ano Virus Diseases in Animals and Plants 
Subjects for Discussion 

TTio general characteristics of viniscs, including biicteriophagc 
Modes of transmission and paths of infection in virus diseases 
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Evidence concerning the agency of virusea in the aetiology of new growths 
Mechanism of iramumty in vims diseases and practical applications thereof 

Section 3. — Evoteria. akd Fungi in relation lo Disease in Man, Animals and Pi ants 
Sithjects for Discussion 

The significance of serological and cultural types of bactena and fungi pathogenic to mm, 
ammals and plants m relation to epidemic, epi/ontic and epiphytic outbreaks of disease 
Pathogemc streptococci Relation to scarlatina, puerperal fever, erysipelas, tonsilhtis, acute 
rheumatism and infective endocarditis in man, and to mastitis, Ivmphangitis and suppu 
rative conditions m animals 
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ENDEMIGITV of plague n* ARsoic* ,St ik M 
ENLARGEMENTS onjmph nodes ir 
I NTOMOLOGY, see filana 
ENZAMES action of proteoK ti ,U27 
EPIDEAHC, see ciropsv 

1 EPIDEMIOLOGIC AL studi of cliolc la m Assam 
407 

EPTPHYSI IL union m ch termm.ng are of h 
Indians 1017 

nSCULE\T4, sec J Ui« i^riilpitl I 
EXCREI ION, see uniiari 
EAE lilaiui f'-nm 111 in’s 199 

I '1‘CAL residue as n iiicdium ten intcstiii'l 
putrefaetion, ISJ 

I /TCES, inclose Icniiciitmg cue' ciiisius m 4(, ; 

] AVUS III Iiicba f.s7 
lERAlPNTlNG, see Incto'e 
FEARER, see dongue saiidfh 
ITLARTxA an adult rcinoiccl fi<mi mteiior 
clmnibor of eye of mnn 199 
j I’TLARI m Patnnmrii, 871 
I FLEA, ficc rat flea 

FLOCCILITION tests foi stand udi/uu aiili 
aencnc 727 

i 001) MA I J- RI \LS, ace food studs 
I OOD STUl r,S caioleiic content of Indian 
' eegetnhk 937 edeet of stomge on mI mnn G 
I potciict Ilf 777, eitniniii t'lontent ot fndim 
I 239, 347 

rOWL^ grow th of einbie oinc lu i v ous tissicc m 
plasma of \itamm A iklicKiH 92u 
FRACIiONAL gastric auiies),, ui nociiml 
Indians, 455 

TRACTIONS, blood scia protein J7 5 dahoiii 
aciiom protein, 997 eit mun ( fi action ns nmi 
glucose reducimr bode m lilooe’ 1 17 

GASTRIC aual\Bis iiaitmiia' m normal 
Indians, 4i(5 

G ASTRO INTES TIN \L tract ver nlisorptum 
GLANDS, see tiijroid 
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GLUCOSi: set. absor|)lion blood 
GLYCERIXVTED im diiiiii in Mtiirb cill imiIi 
tioii ol bitlonn 147 
GLYCOLYST*^ of cboloin \il>iio^ "iVI 
GRA.M see green groin 

GREEXGR-VM biological \ alue of piotems of 
7S9, Sll 

GROUPS, 4CC blood giouiis 
GROWTH biological ^alue of pioteiiib of grim 
and lentil lueisured l)\ of \oiiiig rat^ 'll! , of 
eiiibrjonic iier\ou^ ti«siie in plasma from 
Mtaimn A dcfitient iovls and rat«, 920 See 
aUo po^lulatlon 

H EMATOLOGlCAl studies in Indians tOo. 
311, 437, 073 

UJuMOJlP,UAGl\, neuti ilization of of viper 
venoms b\ autiieiitne 121 
IlIARi ictioii of Liigol b lodiiit. ‘-olutioii on 
thv roJkUiizod, 957, rite of vituiiin 15, ind U 
deficicncv, 747 

HETEROLOCOL'^ sec intivenene 
HlPPOOAMPUli MA/OIl, negii bodies ui 407 
HISTOPATHOLOG Y of li\ er in infantile biliaiy 
cirrliosis, 69 

HOOKWORM incidence and intcii'iU in S 
India, 441 
HUMAN, ICC urine 

lAIMUNlZAriOX, see pioto/oil, snake venonib, 
tapioca 

INDIA cauecr in, 149, favus in 6S7 , hook 
worm lu South 441, oinum habit in, 359, 
popiil ition grow th in 2l>5 , population problem 
in, )43 , serologv of v ibiios isolated from non 
el olcra hourccs in, 95 , tovicitv tests of iiovai 
senobenzene in white mice bicd m, 91 , rcsicnl 
calculus in 491 

1XDI4X food stuffs, vitamin C in 239, 347, 
carotene m 937 , kala azar, L donoiani m 
nasal secretion of c i«C' of, 437 , snal e v mows, 
1)07 

INDIANS cpiphvscal union in detei iiiiiiiig 
igc of South, 1015 , Iroctioiial gastric aiialv sis 
of normal, 455, b einitologieal stuches in, 
305, 311, 455, 973, vilannn A in diet of, 765 
INPANllLE, •> e biliirv cirrhosis 
INirCTlOXS «c sticet virus IXEUTIM’, 
sec 11 uchcTcritt hnnuoJU 

INSULIN influence of, on glueO'C ibsorptiou 
eoeflicieiit, 963 


INTESTIXAI clc gastro intestmai jnitrefac 
tion 

INTESTINES, see mamma ban 
INTOXICATION with carbon fetiachloiuh 
cirrhosis of hvu following IO 07 
IODINE see Lugol’s lodme solution 
ISOLATION of a«canv eges (167 smgle cell of 
bacteria, 147 

ISO! \TED see m imniali in int< 'tines \ibno' 

KALA AZAR L ctoitoiani m iia'il scei-etion of 
oases of Indian 437 

KING INSTITUTE sti-anib of pioteus gionj, 
main tamed at, 847 

LABORATORY, see moiikcve 
LACTOSE- FERMENTING organismb m w itei 
and f.ccs raethvlene blue lednction test for 
ditlcrciitiating roll and cciO'jeiHs tapes of 463 
LARVjE sec ir banctnjh 
LEISHAIANM DOXOlAXf see kali az 11 
LENS ESrVLENJ'A, biologn il value of p-o 
terns of 780 Sll 
LENTIL see Tens esenknld 
ED'E HISTORY, see Bithesm ciiins 
LIGHT, see ultra violet 
LIVER see cirrhosis, lubtopatholoav 
LOBAR, sec pneumonia 

LUGOLS IODINE solution, action of on 
thjroi.imzed heart, 957 
LUSHAI tribe, blood groups of 685 
LYCOPENE, comparison with carotene, 949 
LYMPH NODES patliolngv of 'onio iiiieommon 
enlargements of 317 

MADRAS bacteriological evamiiidtiou ol watero 
of, 67 , strains of proteus group at 847 
MAGNESIUM, see cereals 
MAJOR, see Hippocampus vu joi 
MALARIOLOGY, see protozoal imnuimh 
MAMMALIAN iiitestmes, effects ot some pieid 
nets of digestion and uec-'Sji\ substance-' 
on rlivthimcal contraction of i-olitcd 515^ 
ULAN, sec e_jc 

MEDICO LEG \L, see epijd v bC il umon 
3EEDIDM fcecal residue as a tor nitcbtmil 
putrefaction, 4b3 glv cermated, used in single 
cell isolation ot bacteria 147 , selectn c, used 
in watei analvsi-*, 619 
NIELLITUS, sec diabetcb 
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oliono nllanton tnlfcn ihon ol 
\ iru'-C', of ^ let niia on, 857 , ot dengno fc\ cr im' 
sandfly fc\cr on, 805 of liuclioma on f75 
MENTAL effects produced I)y opium addiction, 
350 

A1ETH\LENE BLUE lediiclion U‘,L lono/i md 
(rwqcnrs, 4 07 

MICE, w iio\ irscnobciutiic 
MOLECULAR foruiida of tin rcoglobulni 11 \ 
MONKEAS, UdicKuloMs in Inlioraton 721 
MONOAMINO nci(U 570 
MORf’HOLOOA of /J tomv, 885 ofiilm- 
t07 

MUSQUl'Kb li' f.uiic.of/i til, SSI 
AIOTOR I UNUJ’IONiS of iiowil m a\ itaniinosi'' 
B and m slanid animnlp, 101 
MU\0(i, MO ]’Iin‘<coht'i iiiuti'/ri 
MASOBI Sitntc, plague in 21 

NAG A lida blood gioups of Angaini > 
NA,SAlv sett cl n III , sr'- kali i/ai, / rii/iuiitiini 
'Intioxim 

M'GRl BO 15] ES 111 y/i/ipoco /«/»/''> )(»//// in •'tree t 
viru'' inUcliou-i |07 

Nl' I'J RALIZ \ 1 ION of blood toic'iitlid b\ 
\inoni'- Ilf of li'i iiinnlui'iin of Mpet Muoina 
In antuinuu, 121 
NOryES, per Ji (iipli 
NON CllOLl I! A see (bolt I a 
NON GLl COSE, s/( blood 
NOA AB'sENOBlA'EI M' l<.\i,it\ Ust-, ol in 
abili niiu, 01 

OPil I H \l Mol 0(!A, ,e( i\i III 111 I 
Ol’Il A1 hiliil inliulii 150 [ilivsual md im nl il 
I Dec I- produiid b\ iddiilion "1 150 

iiRGANlEMh 1 icIoM liini' nlmir, in nakr 
101 I III 11 , 1 , ition ol proUiii'- of, ulatid to 
I ,/ nil 'll >7 1, 570 

OUllNlAl, hOUl mOoi ot in llic I’mijub 
271 

0R188\ lllDMUBA Si Ml li'iiiaMi. n 
S71 

I’ANlBEV'JlC sec aiinliiM 
I’MIIOLOGAN stt Uiiipli nodis si plnbx 
I’ATN AGARH, lilaiinsis in S71 
I’El’CilN, ntlion of, on digcstibiliti of nee >-1 inli 
and jiiofcin 777, ol jiulst'', S27 
I’llAGOCA 'I’OSIS of icii nils ilictrii tlmrgi 
111 2(5 5 

I’llARAlACOLOGA', of tjlopuorint, 203 


riiifilOJVH MUNGO, biological a -due of 
proteins of, 780. 811 
PHOSPTIORU.S, tCL ctruiE 
PHYSICAL efferts pi odiiced In o|iiuni iddictioii 
359 

PHYSIOLOGIC \L action of daboia venom, 007 
PHYSIOLOGY, SCI absorption of glucO'C from 
cat’s "astro intestinal tract, motor functions 
of bowel, rlntlnnienl contractions of mamma 
ban intestines 
PI/AGUE, cndcimcitv of in Ah^-otc State 21 
PLASMA growth of cinbnonii nennns tn-air 
111 of vit imin A deficient fowls md rit': 
020 

PNEUiMtfCOC'C LS, lobir jmciiiiiunia clue to 
It? 

PNlL'AfONIA sir pnenmococi in 
P\J UMOliJE SIC B fnriitiwniii 
I *51''ONTNil with venom of / rnmnih 141 
I’OPI'l \TION growth 111 India 205 problem 
in India 515 In iii itological s(udie‘» of Bengal 
I town 105 of tea g irdi n (oolii 111 
I PRODUfflS ol digestion, see rlnthmic il 1 ontiai - 
I fiona 

I Pilot PIN ibsoijition of lie and ilia in 
dmc'-fioii 181, biologic il V alii' of grim and 
' linlil 7V1, 811, digidihihtv of riii, 777 , 

fractions, of Idood sera 151 of daboia venom, 
007 , raccmiration of 1 chokrrr, 573, 570 
PBUirOLA’TIC, «ce <ii/viiies 
PBOlEL'iS group, stniiib of, at King liisfifutc 
Mad ns, S17 

PBO'J O/OAL imniiinilv 251 
PUL81 ciirviinc digestibihtv of S27 
PI N I \I1 V Cl lor of orienful bore in 271 
PU I’BIvl Af"! ION fiial residue as i mciliiini 
for intcslin il, 48 1 

RABIES luorpliologuat studic's, on 107 
RACEMI/ATTON of proteins of I chnlrur 
( Il , 57 579 

R ADIOLOCA sre i}iiphvbc il union 
j PMs growth of voiiii" on gram and lentil, 

I 811 , role of r flea in tvpluis <*21 , strain of 

, tvplius from wild 713, AAcillclix icaction 

I of tvplius III wild 70<t 
RED see ph igocv tosis 

RLUUCINC non glucose, biulicb in blood, 147 
REIiUC’iiON test see melhvicnc blue 
1 RESIDUE see fecal 
I RESPIRATION of cholera v ibrios, 589 
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RHIPIGJUPHALUS 84NQUINEUS, B cams 
in clog tick, 8ST 

r:HYTHArTCA.Tj rONTH A.CTIONS, odects of 
some i.iorlucts of digestion and nceesson 
substances on of isolated innmmnlmn intcs | 
tines "in 

lUC'E, bioelieinii d investigations ol dilTeiciit 
samples of llenccnl 777 ,See also nbsoiplion 
amvlasc. 


SALIVARY, see nmvlnso 

SANDFLY fever, blood and sermii 270 , ciilti 
vation of virus of, SG5 

SANGUINEUS, see Phipicepltahis saugmveus 
SECRETION, see Kain a/ar, I donoinm 
SELECTIVE see media 

SERA, protein fractions of blood ‘15 1 SERL’M 
sandflv fcv er blood 270 

SFROLOGICAL relationships of vibrios from 
non cholera sources 07, variations in vilirios 
from non cholera soiiucs, 711 
SEROLOGY of syphilis, G71 
Snrr.A hills, tviilms m 701, 700, 71 1 021 
SINGLE CELL ISOLM’fON of bideiia bv 
gljcennated iiiediniii 117 
SNAKE, see antivenenc venoms 
SOIL, isolation of ascaris eggs fiom 007 
SORE, see oriental sore 
SODTH see India, Indian 

SPFCTROGRAPHIC analvsis of thvroid gliiids, 
701 , examination of in iiiaiv and Inliurv calculi, 
237 

SPECTROPHOTOMETRIC method of nssiving 
vitamin A and carotene, 707 
STANDARDS, normal in ha^matological studies 
for a Rongul town ]iopul ition, 107 , for i tc i 
garden coolie pojuil ition Oil 
STANDARDIZATION ol antivcnene, 527 
STARCH, enzymic digP'tiliilitv of iiee, 777 
STARVED, see animals 

STORAGE, effect ol on vitiinm (' polmcv 
of foodstuffs, 777 , vaiiatioii of c note no 
content of Indian vegetable fooci stnils due 
to, 937 

STATISTICS, see population 
STREET \ IRUS inlections, negii bodies in 
Hippocampus i/iujo> in -li)7 
SUBSTANCES, see rhythmical conti actions 
SUGAR, see arterio venous 
SVPHIldS, serologj of, G73. 


TAPIOCA m immiiiu/ation with snake v enoiiis 
093 

TEA GARDEN, we stnndauls 
TECHNIQUE, sec cultures of tiachoraa viruses 
of vaecinia, saiidllv and dengue feveis , grow tb 
ol cinbivonic ne v ons tissue in plasma, isolu 
tion of ascii is eggs single cell isolation ol 
bactoi in 

TEiST, see lloceiilation, mcth 3 dene bine 
TETRACHLORIDE, sec cinhosis 
TH YREOGLOBLTLIN, nioleeulii foriniila of 
223 

THYROID glands, speetrogiaphie anahsis of, 
701 

I THYROXINIZED, see heart 

I 

I 3TCK, scse Illnpiccphalns snnQUuieus 
I TOWN, see standaids 

j TONIOITN tests of nov arsc nobeim ne in wlute 
mice brcc' m Iiidiv 91 

j TRACHOMA, by cultni-e on cbono illantoii 
membianc of cluek embryo, 177 
I TRANSMISSION, sec ty)>biis 
I 'l'REATM]‘'N3' of / cannala venom poisoning 

I 

TRYG’SIN, action of, on cli.-c slibilitv of me 
starch and protein, 777, of pulses S27 
TUBERCULOSIS, b])oiitineoiis, in hi lointoi V 
' monkeys, 721 

j TYLOPnORA {STIIMVnvVS, sccivloplio 

riDC 

TYLOPHORINE, pharmacologv of, 2b 1 
TYPHUS, in .Miiila Hills, 70], 70') 711 'i2l 

stiain of, recovered fioin wild rats 71 1 , trans 
I mission of, bv' i at flea, 021 


j ULTRA \ lOLE'l’ light, vitamin A activitv ind 
707 

I UNION, sec epiphvsenl nnioii 
1 URINARY, calculi cvimination of 217 excre 
tioii of ascoibic acid and diet, sll 
URINE, composition ol human on dilleient 
diets, 401 


VACCINE, choleia, GOO 
VACCINIA, cultivation of viins of 877 
VECTOR of oiieiital sore m the Punjab, 
271 

VEGETABLE, see caiotene, food stuffs, storage 
vitamin. 
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VENOM action of E taumtht ^01, fliomicnl ^ 
composition and i/rotein fnctions of dahoia, 
007 , coagulant notion on blood of dahoia niid 
crhis, 131 , neutnlif'nliou bv nntu tnciie of 
larmonhaijin of Mpei 121, poisoning uitli | 

E cannala, 141 , use of tapioca in iinniiinua * 
tion with Biiahe, 003 iSVo also nntucnont 
\ ENOUS, «cc ailcrio acnous 
VESICAL CALCULUS in India 401 
VIABILITY, see Wvclificrm hnnnojii I 

\ TBRIOS, ficc cholua j 

P UHOLFEJE, lop (boll I a iimtcins, rnconii/n 
tioii serologN ' 

VIOLET, see ultra \ loh t 
VIPER, see \oiioin 

VIRUS, see duigue fcvci, inbus sandtii f<\cr 
street virus, trachoma, a atcinm 
VITAL STATISTICS, see iiojiulntion 


VITAMIN A, actiA it\ of ultra violet light 
oOt , biological assni of, in diet of Indians, 
701, onibrjonic non oils tissue in plasnn 
fioiii fowls and rats deficient m, 029, method 
of assaMiig, COi , roopiiroment of children 
741 R, and C, heart into in dcficienoA of, 

747 C content of Indian food stuffs, 230, 

347, effect of storage on potciu\ of 7')3 , 
fraction, 147 

WATER, bacltiiological < Muinnatioii of Midias 
37, lactose feinunting oiganisms iii (03 
selective niecli i used in iimhsis of 010 
VriL I' ELIA icnction of Icpbiis iii wild n(s 
700 

• W ELL BALANCED ’ diets, 731 
WVClinitEmA TiASCRO] J'l, nabilitc of 
'infective’ forms of Inni’ of when found 
from mosquito, SSI 




